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ORIGINAL ARTICLES 

THE PROBLEM OF EQUINE STRANGLES' TN INBIA 

By F. (J. Mimett, Imperial Veterinary Kesearoh Institute, Mukteswar. 

(Received for publication on 10 December 1943) ' 

(With Plates I and H and three text-figures) 

The object of tliis article is to place on record isbed) was also undertaken during the same 

and to discij^ss ligu res relating to the ineidence period in Rawalpindi, Attock, Gujarat and Hazara 

and mortality Irom strangles which have been districts. Young stock are purchased bv officers 
collected over a number ol years from Army of the Department from September to March 
Remount Denots atul Stud in Indin. Ktr /in nh yroai. J. J f - * 


ZZT > n / .lum AAimy ur tne xiepartment Irom September to March 

Remount Depots and btnd Farms in India by each year and are sent to the Army Remount 
the Army Veterinary Department and bv the Denots at, IVlnna. and , 


^ w CO, 1.1. 1,4. JL AliLJUiO XAX UJ 

the Army V’eterinary Department and by the 
Imperial Veterinary Research Institute. The 
opportunity will also be taken to set out the pro- 
cedures that have been commonly adopted at 
depots and farms in maintaining remount stock. 

The term ‘ strangles as used in this article 
and as sometimes used in a clinical sense, is a 


- ^ XXiJUU^ jAciuoum; 

Depots at Mona and Sargodha in the north-west 
Punjab. During this purchasing season the 
officer tours his area three or four times. The 
procedure in the case of these ‘ area-bred ’ animals 
is that aU young stock are sent by road, a distance 
up to say ten miles, to collecting centres for ins- 
pection by the Remount Officer. Animals stay in 


cia buiiitibimes used in a cimicai sense, is a wic x\,t5iiiuuiiii unicer. Animals stay in 

comprehensive one and may be taken to include collecting centres for periods not exceeding 24 
not only cases with the typical sub-maxillary hours, and, if purchased, they are then trucked in 
abscess, associated or not with suppurations in eight or ten and sent by rail to the depots, 

other parts of the body, but also cases of acute journey taking anything up to 24 hours. The 
nasal catarrh or laryngitis in young horses, normal age of purchase is 12-18 months, but 
especially where there has been contact with ^he case of well-developed or backward stock 
typical abscess cases. Certainly in practice, the fhese general limits may be varied at discretion, 
delinition of ‘ strangles ’ is an ulastin nnft fl.nd will -Also, mules may be bought when only six 


delinition of ‘ strangles ’ is an elastic one and will -^Iso, mules may be bought when only six 
no doubt vary according to the fancy of different uionths old. With horse stock the average purchase 
veterinary officers, but from our present point iivcrl n.f, 

of view clinical niceties matter little. What we 


age has been fixed at 12-18 months, since 
experience has shown that animals less than 12 


view uiiiuuai mcexies marter iiutie. wnat we kuuwxi mar animals less tiian 12 

are now concerned with is a more or less acute uionths old develop more severe strangles than 
affection luvnlviucp i.Ka u-nnAt* T>Aa-AiS.o+rvT.Tr older ones.” 


M'lVll IfS M; lUUIC U1 ICBS aCUte 

affection involving the upper respiratory tract of 
young horses or mules frequently accompanied by 
suppuration of the sub -maxillary lymph glands 
or other glands about the throat, occasionally 
followed by pyaemic lesions in other regions of the 


Remount Depots 

To give a preliminary idea of the magnitude of 
the strangles problem, it may be said that Mona 


xuuovveia oy pyaemia lesions m other regions oi the strangles problem, it may be said that Mona 

body, occasionally fatal and always to be regarded Sargodha depots each cover some 10,000 acres 

as infectious. From recent researches, there of l^J-nd and that at any one time each of them 


x’xuiii xcueiii/ resea-rciies, mere 
can no longer be reasonable doubt that this 
disease complex is caused by heemolytic strep- 
tococci, belonging to Lancefield’s serological 
group C, though not neoe-ssaril}^ of the same serolo- 
gical type [Bazeley, 1942]. 

B.UEED1EG OF HORSES AND MULES FOR ARMY 


or land and that at any one time each of them 
may have to accommodate up to 2,000 horses 
and as many mules. The land is flat and canal- 
iiTigated and grows such fodder as lucerne,. 
shaftal, berseem, jowar, oats, barley, gram. Tli 
general jirinciples of management at both depots 
are the same. The young stock on arrival are 
grouped in ‘ dry ’ reception paddocks (i.e. 


KJM xiuxtoj!i» AND MULES FOR ARMY groupeu 111 ' dry ' reception paddocks (i e 

PUirposES AND THE PROCEDURE ORDINARILY without natural grazing) in a part of the denot 

ADOPTFnn AT A*R.MV TR.1?TVrnTnwT'’n T\T^-nr\rnc^ fiAf. or, « « ^ ^ 


ADOPTED AT ArMY ReMOUNT DePOTS AND 
Stud Farms 

The Director, Army Remount Department, 
lias been good enough to provide the following 
informatiou. “ 1 between 1027 and 1939 the 
number ol ‘ bi-anded ’ marcs under control of the 
Remount Department in India averaged 12,696 
in each year. Ike main breeding operations were 
carried out in the Civil Districts of Lyallpur, 
Sheikhupura, .IJiaiig, Slialipur, Montgomery and 
Multan. ‘ Unbound ’ horse-breeding (now abol- 


is/ u.u|juu 

set aside as a segregation area in which the 
strangles hospitals are situated. In this area 
they remain until the close of the ‘ ;4rangles 
season ’ in May, when they are moved into the 
depot proper, the reception paddocks then re- 
maining free of stock until the next purchasing 
season. In the depot proper the animals remain 
until they are issued to military units at four years 
of age (mules) or five years (horses). Feeding 
throughout is liberal, consisting of green fodder 
grazing, oat hay, jowar, barley and other cOr, 
centrates, 


1 


pTotlem of Eqmne ' Strangles %n India 


Mona 

Segregation. At this depot the segregation area 
covers about 200 acres and ivS separated from the 
depot proper by a railway track. As the yOnng 
stock are received, thej?^ arc groujjed in lots of 
iO'lo and are kept for the first throe days in 
mud- wall enclosures (Plate I, fig. 1), containing a 
cha^y^par or shelter and situated within the re- 
ception paddock which itself covers about two 
acres. The object of this incarceration is that 
the animals may get thoroughly used to one 
another and quieten down. After this, they are 
allow^ed into the paddock to ‘ get used to wire 
If, as sometimes happens, paddocks with walled 
enclosures are not available, the animals are 
turned into paddocks which have simply a central 
railed-off chappar, this being a more open ar- 
rangement. Each unit of 10--15 animals is kept 
entirely separate from other similar units, e.g., 
they go separately for grazing. Most of the 
young stock horses bought are colts, because (a) 
they are more useful for army work, and (6) the 
fillies are mostly required for replacement pur- 
poses in the breeding area. The fact, however, 
that some fillies are bought causes some difficulty 
in distribution while in segregation, since they 
have to be kept separate from the colts. It may 
finally be noted that, when owing to depletion in 
numbers by strangles not more than throe or four 
animals are left in a reception paddock, the; re- 
mainder may be mixed to form a fresh unit. 

As soon as animal develops a typical attack of 
strangles, it is removed to a hospital set apart 
for this disease. For the more sevel-e cases, the 
accommodation is of the ‘ open-stall ’ type, the 
stalls being about ten feet square, with earth 
floors and ir-on roofing (Plate I, fig. 2). Mild cases 
may have to run loose, owing to shortage of stall 
accommodation (Plate I, fig. 3). On discharge, 
the animals go to grazing convalescent paddocks, 
specially allotted for such cases, each paddock 
being wire-fenced and about two acres in extent, 
intended for ten animals and containing a ‘ dry ’ 
enclosure for feeding and sheltering at night 
(Plate I, fig. 4 ). Animals discharged from 
hospital do not go back to their original reception 
paddocks but remain in the convalescent paddocks 
until May. Any animal that may happen to 
develop strangles after transfer to tlie depot 
proper is likewise treated in the strangles hospital. 
It may also be noted that simple catarrh or fever 
eases may be treated not in hosjutal but under 
isolation in the convalescent paddocks. 

It is umlerstood that up to about 1927 the 
segregation procedure at Mona was essentially 
the same. The segregation camp was located in 
a more or Joss confined area and consisted of 30 
■'ddocks. In 1927 the paddocks were changed 


from an unsatisfactory ‘ inter-communicating ’ 
type to a ‘ multiple dispersion ’ type which aimed 
at reducing the chances of contact among the 
young stock. At the same time, there was in- 
troduced a secondary segregation o]’ ‘ semi- 

segregation ’ for stock wdiich had recovered from 
strangles two or three months before. Tor this 
purpose, areas consistiTig of both dj’y aju! grazing 
paddocks were used, an exeellcnt arrangement for 
convalescent animals. vSinco 1931, the amount of 
grazing has been increaserl, and this is now ])ro- 
vided for .all incoming young stock as soo]i as 
possible after their arrivaL 

Post-segregation.^ The system, whirili is at 
present in operation and which is similar in 
principle to that adopted in earlier years, is in 
outHne as foUow^s : \foung stock horses coming 
out of segregation are first moved into a certain 
area of the depot proper whore they remain for 12 
months, assembled in groujjs of up to *10 animals. 
At the beginning of the next year, by whicli time 
they are two and a half to three yeans old, they 
are moved to another part of Hie saim^ area into 
paddocks capable of holding as many as fiO or 00 
animals (Plate I, fig. 5). (I’here are now some 
35 paddocks of this type in ih<«. pj'imary post- 
segregation area at Mona). At this lime they are 
castrated, and they remain in this area until they 
are approximately four years okh (fhe ])addoeks 
here are dry ones and are often siqmratc'd by a 
single fence of were. At the centre of eaidi is a 
square mud-brick enelosiiro (for food, etc., 
storage), provided on. the outer side with mangers 
and usually situated near trees for shade, ll'he 
size of the paddocks is vartalile, from 0 or H to 15 
acres, and close by arc grazing lands (bcu-st'em, 
lucerne) wdiere the horses are alhnved to remain 
for several hours daily. At night they riunain 
free in the dry paddocks. Afler the animals have 
reached four years of age, (hey ari' hroughi into 
the ‘Homo Lines’ where- they are givam some 
training (riding, lungeing) prior to issue. Py this 
system of movement liorstss juirchased in one year 
are kept separate from those of anolhei' yiair. 

The above account refer.s to jonng stock horses. 
Mules purchased as above in the brei'ding areas 
are treated similar]}^, but they are kt*])1, in larger 
group.s during their period in aegri'gation, partly 
for administrative rca.sons ami partly bei^ausc 
they are more hardy. After tlieir iirst year iht'y 
are moved into tlio depot propci' vilieri* iiioy re-.- 
main till two-and-a-luiif to thri'c yi'ur.s old ; t liey 
are then distributed anywlmre in the (hqiot. 
proper for wmrk until they are issued. 

argodha 

The; situation at tliis depot lias bi'en similar 
on the whole to that at Moiia, and it is onjy 
necessary to call attention to certain diifo-rmxa-s. ‘ 



F. G . Minett 


Segregation. In 1924 there were three main 
segregation blocks, known as A, B and C, each 
cpiite separate from the other and in fact one to 
two miles apart. Each block was enclosed by 
wire and was divided up by wire fencing into 
small paddocks. ‘ A ’ block, for example, had 
some 16 dry paddocks, each of about three to 
four acres, and into one of these as many as 20-40 
fresh purchases might be placed. Each block 
had its own strangles hospital and convalescent 
paddock where animals were put for one to two 
months prior to removal to another part of the 
segregation area. Major W. N. Rowston, R,. A. 
V. 0., has stated that in 1924 young stock horses on 
arrival were first put into block A and, w^hen this 
was full, blocks B and C were brought into 
occupation. At a later date, it appears that block 
G was reserved for mules. It is also stated that, 
when the numbers of horses in a, paddock were 
depleted by strangles, it was the practice to fill 
up with young mules. It is recounted that some 
of the reception paddocks had a feeding chap-par, 
while others had none, feed-troughs made of 
dried mud being placed around the bases of trees. 
Actually, there is now little shelter in these 
paddocks, as many trees have been injured 
by wjrterlogging of the soil. At the present 
time, ‘ A ’ block alone remains, while other 
arrangements have been made for the segregation 
of mules. Plate II, figs. 6 and 7 show the type of 
reception paddock and hospital accommodation at 
present existing. a 

St ml Farms 

Information on the subject of this paper has 
also boon received from four Stud Farms, partly 
maintained - for Army Remount purposes, viz. 
those at Probyiiabad, Coleyana and Renala in 
the Punjab and that at Ahmednagar in Bombay. 
In passing, it should be made clear that the 
roaring of horse, s for army purposes is not confined 
to stud farms, tho.l is farms managed under the 
Horse-breeding GiUnteo Scheme. Considerable 
numbers of horses are also produced in villages of 
the IPunjab under an aiea-breeding ’ scheme, 
whore people may keep only one or two mares. 
On the other lunid, sotne of the .stud farms are of • 
considerable size, (loleyana and Renala Estates, 
for instance, having about 7,500 acres of canal- 
ij-rigatod land and maintaining some 170-200 
brood marcs and 100-150 young stock (birth to 
four to five years), in addition to thorough-bred 
stock which are raised under private enterprise. 
Under the conditions of the horse-breeding grant, 
brood mares arc: a.pproved by the Army Remount 
Jh'pai-tmeni, aia^ mated vith stallions similarly 
a]>provi!d, and the olVspring- offered at fixed 
pjices to the Army fi‘om 12-18 months of age. 
If accepted, they are-.transferred to Mona or 


Sargodha, otherwise they are sold privately or in 
the case pi suitable fillies retained for breeding 
purposes. At Ahmednagar, which was closed in 
1940, it was 'the pjractice to keep selected stock to 
four to five years old and then send them direct to 
units. Table IV shows the distribution of young 
stock by age groups for two of the faj’ms, Pro- 
hynahad and Coleyana. At the former stud 
those in the age groups of one, two and thireo 
years are in roughly the same proportion, while at 
Coleyana the propoition of yearlings is higher than 
at later ages. 

. The animal husbandly proccdu].’e3 at the diff- 
erent .stud farms no doubt vary in detail according 
to the wall of the owner. According to the general 
plan, mares foal ciiiefiy in February to June and 
smaller number in September to November, foals 
are weaned at six or seven months, drafted into 
batches of 10-15 and after some time the sexes 
arc sepai’ated. iStock are turned into grazing 
{sh'iftcl, lucerne) or exercise paddocks during tlie 
day time and are sometimes brought into small 
enclosures at night. On the Estates the agricul- 
tural unit is the ‘ square ’ or ‘rectangle’, which 
covers 25 acres. At Renala there are 44 such 
squares, and most' of the.se are subdivided into 
four six-acre paddocks for rotational grazmg, 
with a centrally situated dry qiaddook with feed 
chap-par and trees for shelter (Plate II, fig. 8). 
Each such square accommodates 10-12 animals. 
At Coleyana, the .stud area is divided into pad- 
doclcs intended for exercise, grazmg or for growing 
fodder crops. This area is changed over about 
once in five years, and a similar area w’^hich has 
been under croiis is taken over for the stud. At 
present, the squares are being step by step 
divided up into paddocks of five acres each for 
rotational grazing or for purpose.? of exercise. 
An open-air system is adopted on this estate, the 
mares foal in the oijen, and as a general rule the 
stock remain out at night, with trees and hedges 
as the sole protection. ‘ The only exception to this 
is that, after weaning, the animals are’ kept i®i half- 
acre mud- wall enclosures (Plate 11, fig. 9) for 
about a month, s5 that they may he broken to 
handling. Stocks 'are also brought into the yards 
twdoe daily for grain feeding and rough grooming. 
Watering is from troughs coimeoted with small 
tube-w^ells. For hot weather, ponds are provided 
for stock to cool themselves. 

Case inoidbnoe of steaistgles by ybaes 

Remount Depots. Up to 1933, the figures avail- 
able are for financial years (April to March), 
and subsequently for ‘ strangles years ’ (Sept- 
ember to August), It wmuld have been difficult to 
bring the figures on to a common basis, but for a 
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broad coiisideratioii of the incidonce or attack rate 
by years, the laboiu’ involved in making the ad- 
justment would scarcely have been Ayarranted. 
The data for horses at Mona and Sargodha are 
recorded in Table I, and for mules at these two 
depots in Table II. 

From the frequency distribution shown in 
Table I, it is seen that at both depots the amiual 
attack rate has only once fallen below 50 per cent, 
and that in some years practically all have shown 
clinical symptoms. Among horses at Mona there 
are indications that 1920, 1925, 1929, 1933 and 
1939 AA'ore peak years, while at Sargodha the yearly 
distribution is more uniform. Data are not 
availablo to show whether there is any variation 
in the susceptibility of young stock, since the 
number of animals at risk at different age groups 
is unlciiOAAm. At Mona the mean annual attack 
rate over 23 years -(1917-40) has been 76-2 per 
cent, AAddle at Sargodha over 13 years (1927-40) 
it was 72-6 per cent. By applying the test, 
it can be shown that since 1927 the attack rate in. 
horses at Mona has usually been higher than at 
Sargodha, and the same is true since 1929 in the 
case of mules. 

In A oung stock mules (Tal>]e IT) the incidenct^ 
of strangles is defit itely lower a,t l)oth M:;ma and 
f^aigorha lhan among horses, the mean annual 
attack rates being 63 '2 and 46-8 per cent 
respectively. The yearly distribution is fairly 
uniform. 


the strangles year progresses the attack rate rises 
to the mouth of April and then rapidly declines. 
As between Mona and Sargodha during the 
period 1933-40, there is little difference in the date 
of onset of the disease, but from 1934 on 
cases continued to appear ratliiir lat(>r a,t Mona 
than at Bargodha, The infl,ux of new purcluiso^ 
continues during the period iSoptomlx-'r to .Mardi, 
after which the population. re.iuaius statiomM’y 
(Fig. 1). From Figs. 1 and 2, it would a])|)(^ar 
that the gradually increasing incidcnco from 
September onwards is connected in some Avay with 
the increasing number of susceptible stock Avitliiii 
the area, 

% 
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Stud JParms. The information is shown in 
Table III. The first point is that the incidence is 
very variable from year to year. In some years 
strangles is absent, or nearly so, Avliile in others 
the rate reaches 60 per cent or even higher. Thus 
at Probynabad, 1914, 1918, 1924, 1928 and 1933 
are peak years, and at Goleyana the same is true 
of 1930, 1935 and 1937*, There are indications 
then both from the depots and stud farms that a 
high strangles morbidity rate has occurred with 
some regularity every four or five years, and that 
on the farms in intermediate years the rate may 
fall Amry low indeed. The latter feature is in 
contrast Avith the more uniformly high rate at the 
Remount Depots. No attempt has been made to 
calculate x'^ values for the stud farms, since the 
figures are small and there are fsAv overlapping 
years in which a comparison can be made. 

Case incidence oe stbanglbs hy months 

Full details of the position under this heading 
are reserved for a paper in which the seasonal 
incidence of strangles is considered. At some risk 
of anticipa..tion, however, Fig. 2, based on the 
data, is introduced to show that at the depots, as 


Fm. 1. Young stock in .soj^rogation (horaoa), total 
monthly popiilfition in Sf’g'(ig,a,tion aa poi* cent of tota| 
population during ])r'riod. 

Total young .stork segregation at Mona, 1920'4O -(;i526 
„ „ „ „ Sargodlm, 1933.40-4076 

As to the stud fiirms, hfig. 2, |)i'epared fi‘(.>m 
data for Coleyana and Ronala, shows higli points 
from December to Febi’uary, a secoiulary ris(i in 
June and a decliuo through July and August, 
This curve, it Avdll be observed, is different from 
that for the de|)ots. 

Mo:rtamty rates 

Horses, At M’ona the death rate lias varied 
over the period of years from O-O to S-5 per cent 
of animals affected, mean 5*0 ('labJe I). Ai; 
Sargodha, the figures for the shoi‘t(X’ period are 
rather higher, viz. 3 • 5 to 10 1 , mean (5 * I j tei* cent, 
and the x'^ test shows that hi (XTtain yi^ars the 
differenoGS from Mona arc signific.aut. A!> the 
stud farms (Table III) the death rate, eah-ulativl 
on 2123 cases of stranghvs, was (j-l fjcr cent, a, 
figure similar to that of the, ri‘mount <iej)(.)ts. 

The mortality rates over tlu’s sialt'S ol‘ yisaa-s a,t 
Mona and Sargodha have been analyseil to .se(; if 
any significant variation exists in dillerent years. 


*194-3 at Coleyana was also a peak year. 
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Fig. 2. Case incidence (horses). 

^ Total inontbly incidence as per cent of total incidence during period. 

Total incidence at Mona, 1926-40=6437 

„ Sargodlia, 1933-40 =309S 
„ „ „ Coleyana and Renala, 1930-42* = 874 

* Period of 21 years. 

For this purpose mortality rates have been placed Sargodha, three groups with rates of 8 * 8, 6 * 2 and 
in groups, in each of which there was a small 3 • 7 per cent can be formed. Thus both at Mona 
difference ojdy in the rates. Thus for Mona, and Sargodlia, definite differences in mortality 
four groups have been formed with mortality rates exist, confirming that strangles does vary in 
rates of 7*2, 4*8, 3*0 and 0*9 per cent; at its ‘ severity ’ in different years. 
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Oct, fx(r. hfT. June 

Fig. 3. Case mortality (horses). 

Total monthly mortality as per cent of total mortality during period. 
Total deaths at Mona, 1926-40=298 
„ „ „ Sargodha, 1933-40=190 
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Fig. 3 shows that at the depots the proportion 
of fatal cases rises as the strangles season advances, 
which conforms to the suggestion that attacks 
later in the season are more severe. At the stiid 
farms the rates do not appear to differ greatly 
throughout the year. 

As to tlie ages at death, figures for 27 animals 
are availa])le for Goleyana. 

Age in months . "A (! 9 1.2 IT) 18 Over IS 

Number cJyi{ig . 0 1 '.1 S 8 3 ' 3 

Deaths are, therefore, most frofpient in yearlings. 


: Mules. The mortality in mules (Table II) is 
much less than in horses, being about 1 - 0 per cent. 
There is no significant difference as between 
Mona and Sargodha, nor in mortality rates ovar 
years. 

Ages of a.nima;ls at abmission 

The following figures for filli eases at Gohwiina. 
over the period 1030-43 sliow th<! ago groups of the 
animals on admission for str.angles. 


Age (months) 

. 3 1 6 1 9 r 12 

1 15 

1 

j 21 :j 24 KyearsJ 

. 1 3 1 4 1 

5 i Over 5 L 

Nunibei' 

. 1 1.1 j 83 186 I 123 

1 5 

[50 

j 21 IIS. 1 . 

. ! 23 22 : 

18 ' Over 37 3 

Per cent 

. 1 ■ . —81' 

•6~ 



— 18-4 - 
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The ]jJ^oportion of older animals admitted is months later, the first attack having sometime 
perhaps surprisingly high. Of the younger ones, occurred before admission to tire depot. As to 
the largest proportion faU in tlie age groups 10-12 ' the time elapsing between exposure and appear- 
months, the next largest proportions being four ance of sjmiptoms, while some young horses may 
to six and seven to nine months. A study of the show symptoms within a few days of arriving 
outbreaks coming within th(^ period shows that at the depot, Edwards [1926] has commented on 
the bulk of the carlie.st clinical attacks appears in the fact that many oases crop up some tizuo 
younger animals, though it k of course po.ssible after admission. 

that infection may have boon acquired in the first As to the phase of ma:viina.l iufiujtivity of c.ast's 
instance from adult carriers. the belief has benu exjzrossed tti.-d animals are 

■nTsm-^esv w most, dangerous spreaders during tluj early siagz^s 

^ of the attack, while on the question of s|)j'eMci 

Opmions and experiences of earlier observers on from recovered animals opinion is divided. As 
strangles. Many years’ experience has taught to the iniiiience of wcatluir conditions, a subject 
veterinary officers that strangles eannot he pre- to be dealt witii in another papei’-»-it has been 
vented from appearing in Army Remount Depots, remarked that heavy rain.s arc liable to b(i followtal 
and many believe that the main object should be by a number of cases, wlxile in mild weather thei 
to produce a mild form of the disease in early life, dlsea,.se tends to b(! less sevaM'e. 
which will leave a long and servicc^able immunity. Efforts a,t control A groa,t deal of attention has 
Unfortunately, while strangles i.s always of most been paid to this problem at Mona and Bargodlia, 
importance during the finst season the young stock but without striking success. Reports of tl,iis 
are in the depot, the disease is said to vary greatly work are given by J. T. Edwards 1 1923-25, 1925] 
in its incidence and severity from one season to and Arnold [1932]. The moasurtis tried, apart; 
another and from one outbreak to another; and from those designed t,o inhibit the spread of in- 
this has not onty caused difficulties in attempts jit fection, have. incliKh'd the use of streptozaxHuis 
natural immunization but has also made it vaccines of various kinds (dead (vultures ; living 
difficult to judge the efficacy of methods of pr(i- cultures of low or high viruletico ; .sensitizexl, 
ventioii. It has been noted, however, that at the formalinized or ‘extruded’ culture's; ‘jz^mvao- 
depots during any one season the prevalence and cine’), oonvalescent seimm with exposure to 
severity of the disease increase with the passage natural infection, serum combined with tlie nasal 
of time to reach its highest intensity in March and application of inieetive material, as well as 
April, irrespective of the date of onset. Gapt. various proprietary preparation.s. As curative 
G. W. Short [1939] has also remarked that the agents, such drugs as tryparsaniide, sul})bonairiido 
fii-st cases in a season are mild and succeeding P, prontosil, etc., have been irit'-d. During ilu.'. 
ones tend to be progressively more severe. It past ten years the te.ndv.ncv has been to laKaigni'/ai 
has, therefore, been recommended that young that useful results wvm'c imt to be cxpiavix'd IVum 
stock should bo purchased as early in the season such methods and to roly <jn imvasures for pro.- 
as possible and never later than March. On the venting the spnvad of the, xUscase or prodiuanu 
question of immunity, mules have a considerable mild attacks. Means which may ho adopted 
natural resistance, and in them strangles is mild with this end in vh'w may now lu*. considered, 
and death rare. In horses, while second attacks Brigadier A. J. Williams { 1932] eoitsidiax'd tha,t a 
are comparatively rare, there are numhers of fair test of the efficacy of i)r(‘v(adave me.asures 
reports [e.g. Dmgiey, 1938; Short, 1939] of a woiild be the peiT,entag(m,)f y(,uug stexek mbuitte.l 
second attack in the same animal one to eight during the year which develop the diseas(g while 
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the elficacy of curative measures may be gauged in 
part by the case mortality. Pie has pointed out 
that factors having a bearing on the result of 
preventive efforts would be the total number of 
young stock admitted during the season, the 
accommodation available for them, and the 
number infected before admission. As regards 
curative measures, the mortality rate should not 
bo the sole criterion and account should also be 
be taken of the duration of illness as determining 
the setback to normal development. Judged by 
these criteria, he concludes that up to 1932 the 
measures adopted at Mona and Sargodha have 
been unsuccessful. 

On the question of control we may record the 
following more important recommendations in a 
report dated 1923 by Major H. Allen: 

(1) the Veterinary Officer should be in absolute 
charge of segregation ; 

(2) young stock should be bought and admitted 

as early in the season as possible and in large 
batches. Batches of young stock admitted should 
be separated as far as feasible from previous 
batches ; # 

(3) young stock should not be pmchased while 
showing symptoms; 

(4) when strangles appears in animals of a 
particular block, fill up with young stock mules ; 

(5) neve?' overcrowd the paddocks or the segrega- 
tion area. , Not more than 12 to 15 animals should 
be accommodated in each paddock. Paddocks 
should also be well isolated from one another ; 

(6) do not attempt to ‘ classify ’ stock while in 
segregation, as this means altering the constitu- 
tion of groups; 

(7) catarrh cases may be treated in their pad- 
docks, _ but typical strangles cases should be 
immediately removed to strangles paddocks and 
severe cases to strangles hospitals ; 

(8) keep young stock in segregation for not less 
than three or four months ; 

(9) provide for a convalescent paddock in the 
segregation area ; 

(10) after passing through segregation, stock 
should be accommodated for a month in ‘ semi- 
segregation’; 

(11) stock should be protected from chills ; and 

(12) cleanliness and disinfection are important. 
Manure should not accumulate. Soiled fodder 
and. litter should be burnt. Disinfection of 
buckets, water troughs, twitches, and the hands 
of attendants. 

^ Fig. 1 suggests that the whole of recommenda* 
tion No. 2 has not been observed, but wi^ the 
possible further exception of No. 11, all other 
recommendations, we believe, are being satisfied. 
We would, however, add, as recommendation 
No. 13, a satisfactory food and water supply. 
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Epizootiology of strangles. As a problem in 
epizootiologjq that of strangles at the remount 
depots appears to be a fairly straiglitfor-ward one 
and can be dealt with on lines which are 
familiar to students of the subject. The rise in the 
incidence of strangles when young horses are 
brought together somewhat resembles the epide- 
mic rise of naso-jjharyngeal infections which fol- 
low the reaggregation of children shortly after the 
commencement of the school terms. It may be a 
useful lesson to try to visualize for a moment 
what may really be happening when a batch of 
30-60 young horses is brought in and then split 
up into smaller groups of say 12 to 15 each. At 
the time of arrival, the animals are certainly not 
normal in the sense that all are free from the 
streptococci which cause strangles nor as j)OS- 
sessing a uniform susceptibility to these strep- 
tococci, should thejr chance to meet them. We 
may assume that some, perhaps many of them, 
although apparently in good health, will be 
harbouring the specific streptococci in some part 
of the upper respiratory tract (healthy carriers nr 
latent cases), a few may be suffering jErom atypical 
strangles in the form of nasal catarrh, and the rest 
will be really healthy. It may next be noted (a) 
that the status of many animals of the group, in 
respect of thefr bodily resistance and of any 
pathogenic streptococci they may harbour, has 
changed since their earlier days in the breeding 
areas, because they are now older, may already 
have experienced strangles, have mixed with new 
companions, and have just undergone the fatigue 
of a journey to the dei^ot ; and (6) that their 
status is destined to change still more profoundly 
under the new conditions they will experience at 
the depot. Thus it may be expected that, as a 
result of the unusually close contact before and 
during the journey as well as of the new grouping 
at the depot, the barrier rate will rise, and in 
due course clinical cases of strangles whl be liable 
to appear, in which case increasing amounts of 
infective material will become available to other 
animals of the group. The closer the contact 
the more rapidly will spread take place and the 
larger the dosage of infective material likely to be 
absorbed. The final result will be that all the 
fl.m‘nia, 1.s vfill quickly become infected and react in 
various ways, with the possible exception ot those 
which have secured a substantial measure of 
immunity from attacks of strangles in the breeding 
areas. Thus, towards the close of the purchasing 
season a horse population will be established 
having a level of naturally acquired immunity 
which is fau'ly high on the average and which is 
not likely to be disturbed by the specific stre- 
ptococci still existent among them or by any 
further happenings. Unfortunately, in the x^ast 
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this result has only been attained at the price of 
much acute sickness and possibly severe setbacks 
ill bodily condition. Foi'tunately, on the other 
hand, the population will not have been 
much depleted by death, since strangles is not a 
killing disease. The misfortunes that may befall 
our batch of 60 horses will perhaps be aggravated 
by the arrival at intervals of similar batches, 
which, although distributed in other paddocks, 
are still lodged within the area set apart for 
segregation. 

We may now add some comment on the above 
hypothesis. The suggestion that most of the 
animals in a group will soon become infected is 
supported by the history of events at Mona and 
Sargodha where the annual attack rate has tended 
to be so high. Incidentally, by analogy with 
what is know'n of scarlet fever a seasonal rise in 
the carrier rate would be expected in the autumn 
and winter months. 

It has frequently been said that the increasing 
prevalence and severity of cases during an epidemic 
may be due to the increasing infectivity and viru- 
lence of the pa,rasite during its passage from host 
to host. There is, indeed, some evidence for the 
existence of special epidemic strains in some 
streptococcus infections of man. These are 
strains which are endowed with a highly-developed 
power of spreading among susceptible people 
and of killing them. There is also some evidence 
of the sudden appearance of hyper virulent strains 
in the case of normally slow'-spreading streptococ- 
cus epidemics in small animals. In the case of 
strangles also some increase in infectivity (in- 
vasiveness), together with some increased power 
of causing tissue damage, cannot be ruled out 
but on that point there is no information. How- 
ever, environmental factors acting upon the 
host, as well as the simple congregation of in- 
fected and susceptible animals is well known to be 
sufficient by itself to enable epidemics to progress, 
so that it is unnecessary to look for special 
properties in the parasite. 

It has been suggested above that the streptococ* 
cus of strangles in different animals may produce 
a healthy carrier state, a simple nasal catarrh 
or typical strangles. Possibly, ideas regarding 
this arc now changing, hut we may note in the 
first place the analogous cases of ‘ snuffles V in 
rabbits. ‘Snuffles* is the clinical term for a 
common disease condition of rabbits, caused by a 
pasteurclla and associated with pus in the nasal 
sinuses, and accompanied by nasal discharge and 
sneezing. Webster [1924] has shown how healthy 
rabbits, i.e. rabbits free from pasteurella, vary in 
their response to the nasal instillations of the 
same amounts of living cultures of the organism. 
Such rabbits may show («) no response, (6) a 
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‘healthy ’ carrier state, (c) ‘snuffles* or (d) pneiii- 
■monia or death, the result of tlio experiment in the 
individual animal depending on ii.s resistance. 
Since we are dealing hci-c with a respiratoiy 
affection, the analogy to strangles is apt. Still 
more apt is the case of outbreaks of respiriitory 
streptococcus diseas(! in man whore thci same 
infecting agent may prodiuio {a) a lu'althy ciuiier 
state, (6) a feverish catarrh, (e) tousiiit.is of 
varying severity, and {d) scarLot fever. .Ih'cont 
researches on equine affections in Australia by 
Bazeley and Battle [1940] have pzovidt'd some 
direct proof in showing t hat at least some of the 
streptococcus strains from simizle catarrh are 
identical by agglutination and other tcists with 
those from strangles. They isolated 457 strains 
of haemolytic streptococci from 415 oases 
of disease in horses. All these belonged to 
serological group 0 of Lancudield and by aggluti- 
nation could be split into five main types. Altlumgh 
the authors find that the spt'cific types of (ugiiue 
streptococci do not always appear to bo assoeiated 
with specific diseases, it may be noted that all Ihe 
strains from fresh strangles abscesses — 45 in 
number — and 58 of 260 strains from juire res- 
piratory catarrh oases belonged tcj tluj same 
agglutinative types, Imhdenlaliy, it may be 
observed that a study of the faetoi-s involved in 
the spread of ‘ snuffles * aaid oi' lymphadenitis in 
guinea-pigs — a strangles -I ike, dis(>ase which oeeiirs 
naturally in these animals and eaustal by gj’oup C 
streptococci [Seastono, I9ffl)j— might pi'ovide valu- 
able data in connection wit h strangles in lutrseH. 

Cmtrol of stranglea. ‘TIk* tinal j)oijit to lie 
considered is whether any particular steps ea,n lie 
taken to reduce the incidence of sirangh's in the 
dejiots or to reduce the st'verity of cases. 

In the case of our particular problem, therti a, re 
two fundamental consider at iouis : firstly, tha,t it is 
not a question of trying to eliminate t in' disease 
altogether, and, secoiidiy, that atry ]irae.ticable 
means of immunization must aw';dt tlui outcome of 
academic research.* 

Here it iimy be pointed ozit that the problem of 
streptococcus disease in human beings is reoog- 

*RecoiiLt w'ork appears to iiavo broiigiit tiiis drsidcraiutn 
nearer. Wliile it has lieiMi shown, for uistaiictt hy iStump 
[193(5], that Seine degree of type-wpecifie iinmunit/V 
against huoiuelyUo stroptofoeci enn be i)ro(lu<;e(l in ralihits 
by the use of brotli eultnre.s killed hy Jieut, ijue\v«jnt.hai 
[1938] has pointed out that very y<-ivmg eullurtMi, whieii 
consist mainly of eajwulated organisms, oughl, to be u.sed 
and that the heat for killing tlieiu musL be v('ry cau- 
tiously applied. Bazoloj' [1940, 1943] in Ausiraiia luis 
now proved that by similar lueMiodw a vaceirie can be 
propafad from 8trHngIe.s stvoiitococci. lie has siseun that 
this vaccine is capable of urtbrding some immunity to 
mice, that a protective soruxu can be j)i’0])ar4Hl )jy ii.s use 
in rabbits, and that it has d<4inite immunising power 
in horses. The possibilities of suec!ei,.siul inum mi/, alien 
are thus distinctly promising. 
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nized to be an enormous one and is even regarded 
by some as insurraouiitable. It is not likely to be 
a smaller problem in communities of young horses, 
unless they are subjected to a good deal of res- 
traint. Such restraint must be on cpid(--miological 
lines, and aimed at pinmoting as eftectively as 
possible the dispersal of young stock from the 
moment they arc admitted. During recent years 
tlie truth, of this has betjn well i-ecognized by the 
veterinary officers eoncenied. We do not believe 
that at the %)resent time there i.s overcrowding of 
the depot paddocks, or that it is praetica.ble to 
disperse stock more than is being done now. To 
emphasize the point, however, we would refer to 
the case of experimental epidemics in mice, from 
/which valuable lessons may be drawn. Topley 
[1922, 1926] has shown that when mice, which 
had been exposed to the risk of infection with 
Bad. typhi-nvurium and among which an epidemic 
was imminent, are dispersed into groups containing 
19 to 25 mice, there is little effect on the mortality, 
but when they are dispersed into smaller grou|)s of 
ten animals each, the mortality rate is greatly 
reduced. Once the epidemic has started, however, 
dispersal into still smaller grou|)S of five mice 
each had a much less marked effect. Topley, 
therefore, suggests that, if at the ffist sign of an 
outbreak animals are split into small gToups 
and after a certain interval are brought together 
into groups of more manageable size, a severe 
outbreak may be forestailed. The importance 
of adequate spatial distribution of subjects at risk 
is also admirably shown by the observations of 
Glover [1918] on cerebrospinal fever in a military 
unit. He found that the meningococcus 
carrier rate provided an index of whether there 
was overcrowding in the sieeping quarters. A 
carrier rate reaching a ee,rtaiii ffgure, 20 per cent, 
could be taken as a danger signal. In order to 
reduce the rate and avert the danger of an outbreak 
of cerebrospinal fever, it was merely necessary to 
increase the distance between the beds. 

Always to he home in mind in the case of 
strangles, as of other infectious diseases, is the 
question of whether the movement and distri- 
bution of young stock can be so changed as to 
lessen the frequency of contact between them. 
Admittedly, the question is more easily asked 
than answered, but as Topley [1942] has said 
‘ Any step tliat le.ssens the probability of effective 
contact, direct or indirect, is a step in the right 
direction. As we reduce the frequency of effective 
contact, we reduce the mass of infective material 
on which the probability of further diffusion in 
part depends.’ 

The earlier in tl,Le purcliasing season young 
stock can be brougiit into the depots the better, 
in this way a process of natural immunization 
arising from intimate association in the paddocks 
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will lave a longer time to develop before the 
cold spell of winter. But since natural immuniza- 
tion is largely an affair of chance, it i . unlikely to 
he so satisfactory as an efficient specific immuniza- 
tion, so our hope for the future lies in the latter, 
assisted by good dispersal and protection from 
adverse weather conditions. As to the isolation 
of declared cases of strangles in hospital, this is 
not likely to do much good so far as the animals 
which remain behind are concerned, especially if 
we may assume that these include carriers and that 
carriers and atypical oases have at least some im- 
portance as spreaders. At the same time, any 
systematic attempt at isolatmg infected animals 
other than declared cases would be very difficult 
imder conditions at the depots. Finally, it may 
be observed that one way of by-passing the 
problem would he to replace young stock horses 
largely by young stock mules, since these have 
considerable inborn resistance to strangles. 

As to the treatment of clinical cases, sulphanila- 
mide therapy is worthy of more extended trial, 
especially for oases in the very early stage 
[•Minett and Edwards,* 1945.] 

Summary 

1. The article is concerned with strangles as it 
has occurred in two large remount depots and on 
certain horse-breeding farms in the Punjab. The 
annual attack rates and mortality figures are given 
for various periods between 1914 and 1942. 

2. Some account is given of the method.? or- 
dinarily pr.iotised at these remount depots and 
stud farms in dealing with young horse popuia- 
tons. 

3. The principles involved in control of the 
di.sease in remount depots are discussed. 
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D. I. 0. Tenant, E. A. V. 0. The statistical 
calculations are the work of Mr. S. Sen, Statistician 
to the Institute. 
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Mona 



Bargodha 




Year 


Young 

stock 

received 

Affected 

Case 

jnortality 

Young 

stock 

received 

Affected 

Case 

mortality 

1917-18 



232 

143 (61-6) 

, 0 (4-2) 





1918-19 



168 

85 (60-6) 

2 (2- 4) 





1919-20 



223 

174 (78-0) 

5 (2-9) 





1920-21 



152 

. 150 (98’ 7) 

0 (0-0) 





1921-22 



203 

112 (65-2) 

3 (2-7) 





1922-23 



397 

243 (61 ’2) 

20 (8-2) 





1923-24 



451 

364 (80-7) 

31 (8- 6) 





1924-25 



619 

622 (84-3) 

39 (7 ’.5) 





1926-26 



568 

566 (99’ 7) 

37 (6-7) 





1926-27 



874 

340 (38- 9) 

7 (2-1) 





1927-28 



511 

332 (66-0) 

17 (6-1) 

379 

242 (03-9) 

14 

(6-8) 

1928-29 



593 

350 (69-0) 

11 (3’ 1) 

426 

348 (81-7) 

19 

(5-6) 

1929-30 



342 

327 (95-6) 

4 (1-2) 1 

466 1 

309 (81- 1) 

29 

(7-9) 

1930-31 



617 

502 (81 ’4) 

16 (3-2) 

441 

279 (63-3) 

16 

(5-4) 

1931-32 



530 

424 (80-0) 

17 (4-0) 

469 

305 (50-6) 

10 

(3-8) 

1932-33 



629 

1 570 (90-6) 

22 (3-9) 

449 

202 (68 ’4) 

21 

(8-0) 

1933-34 



695 

676 (96-6) 

34 (5 ’9) 

506 

3::{7 (06*7) 

25 

(7 -.4) 

1934-35 



667 

667 (84-8) 

37 (6-7) 

601 

635 (89-0) 

21 

.{3-9) 

1936-36 



793 

698 (76 -4) 

27 (4-6) 

714 

481 (67-4) 

17 

(3 -.5) 

1936-37 



830 

696 (71-8) 

36 (6-1) 

660 

460 (69-2) 

37 

(8-2) 

1937-38 



671 

644 (8M) 

46 (8-3) 

674 

407 (69-3) 

30 

(6-4) 

1938-39 



1 466 

326 (69 ’8) 

7 (2 ’2) 

407 

338 (83-0) 

34 

( 10 - 1 ) 

1939-40 



396 

383 (97 '0) 

18 (4-7) 

624 

■190 (93*6) 

26 

(5-3) 


Total 


11606 

8772 (76 ’2) 

441 (6*0) 

6694 

,48(53 (72-0) j 

298 

( 6 - 7 )™ 


FTotbs, — (1) Figures from 1933-34 are for ‘ strangles seasons ’ (September to August) ; up to 1932-33 they are for 
financial years. ' •>. o , ^ 

(2) The tost shows that there is a signifl,cau,t difference between the attack j-ates at Mona and Sargodha 

in all year* from 1927,- except 1927-28 and 1936-37. In the following years there is a sigaifLcant diffovonce 
m mortality rate.s : 1929-30, 1932-33 and 1938*39. The attack rate at Mona for 1927-40 is significantly 
higher than tliat from 1917-27. ^ p . , & f 

(3) Figures in brackets Ukre percentages. 


F. C . Minett 
Table II 

Incidence of strangles in mules at Remount Depots by years 



Young 

stook 

received 

Affected 

Case 

mortality 

Young 

stock 

received 

Affected 

Case 

mortality 

1917-18 



471 







1918-19 



424 







1919-20 



317 







1920-21 



246 







1921-22 



180 







1922-23 



540 







1923-24 



398 







1924-25 



443 







1925-26 



520 







1926-27 



531 







1927-28 



537 







1928-2,9 



.520 







1929-30 



848 

146 (42 -0) 

2 (I- 4) 

hh 

81 

22-4) 


1 (■l-2) 

1930-31 



448 

205 (45-8) 

1 (0-5) 

364 

189 (61-9 


2 (1-1) 

1931-32 



367 

239 (65-1) 

2(0-8) 

284 

57 

20-1 


0 (0-0) 

1932-33 



397 

206 (51-9) 

1 (0-5) 

343 

208 (60-7 


1 (0-5) 

1933-34 . 



406 

214 (52-7) 

2 (0-9) 

376 

174 (46-3 


2 (1-1) 

1934-35 



493 

226 (45-9) 

1 (0-5) 

406 

174.(43-0 


2 (M) 

1936-3(5 . 



572 

.333 (58-2) 

1 (0-3) 

573 

242 (42-2 


3 (1-2) 

1936-37 



734 

380 (51-8) 

4 (1-1) 

641 

308 (48-1 


2 (0-7) 

1937-38 



600 

362 (60-3) 

4 (1-1) 

606 

317 

52-3 


3 {0-9) 

1938-89 



496 

279 056-3) 

4 (1-4) 

539 

277 

51-4 


4 (1-4) 

1939-40 



657 

343 {52-2) 

7 (2-1) 

513 

314 

61-2 


1 (0-3) 

Total 1929-40 


5518 

2933 (53-2) 

29 (1-0) 

5006 

I 2341(46-8) 

21 (0-9) 


.NOTiiJS,— (1) Figures from 1933-34 are for ‘ strangloa seasons ’ ; up to 1932-33 they are for financial years. 

(2) tost shows that there is a significant difference between the attack rates at Mona and Sargodha in the 

following years : 1929-30, 1931-32, 1932-33, 1935-36, 1937-38 and 1939-40. There is no significant 
difierence in the case mortality rates in mules. . 

(3) Figures in brackets are percentages. 

Table III 

Incidence of strangles in horses at Stud Farms by years 


Probynaba 

(1) 

(2) 

250 

127 (60-8) 

230 

0 

223 

0 

241 

7 (2-9) 

209 

121 (57-9) 

202 

5 (2-6) 

169 

4 (2-4) 

201 

11 (5-5) 


43 (23-6) 2 (4-7) 

n(SQ-[>) 9(11-7, 



Prollem of Eqtdne Strangles in India 
Table III— eoiitd. 

Incidunce of strangles in horses at Stud Farms by ye-rm 


Goleyaua 


Probynnbad 


ISO (21 -O) 


44;U; |830 (lS-7) |47 (6-7) 1872 


Tottklof (2)=-212:J 

Total of (3HJ29 (fi-l) 
Notes.— {]) Approximat'd y'»iiii;j;mncU pnpiil.'.li 

(2) Cfi'-.o iiKiiclonno 

(S) CViso niorl'.nlitiy. 

(4) Fif^nros in brii,r-k' I • rnprc i-nl. pMi <'< 
*Figui'o 2S9 ineludor young ami fwlnlt ■, 'a I m, ' 220 


irwnoor 


Yotmg horse stocJc popuh th>ti by age group 


’'Trobytui.bad 


< 'oii'ynna 


PI iron 


,1218 (27-5)UI2Q (25-3)llQ46 (: 


Figures in brackets are percentages of the tofeil. 


(2) 

(3) 

75 (50-0) 

1 (1-3) 


5-4) 

1 (12-5) 

37 (32-2) 

4 (10-8) 

15 (11-9) 

0 .. 

55 

40-1) 

8 {14-5) 

108 (74-0) 

7 {6-5) 

20 (13-6) 

3 (lo-O) 

79 {53 -4) 

1 (1-3) 

13 (8-0) 

0 . . ^ 

2 

1-4) 

0 . . 

6 {4-1) 

0 .. 

3 

2 -I) 

0 .. 

6 

3- 8) 

0 .. 



SOME DIGESTIBILITY TRIALS ON INDIAN DEEDING STUFFS 
XII. OILSEEDS/CAKES AHD SOME TOOI) GRAINS 
By P. E. Landek, M.A,, D.Sa,, E.I.C., I. A. S., Agricultural Chemist to Government 
Pimjabj Lyallpur, and Lal Chahd Bharmani, L.Ag,, B.Sc., (Agei.), P.A.S., Assistant 
to the Agricultural Chemist to Government Punjab, Lyallpur 
(Received for publication on 28 May 1943)' 


This paper records the determination of funda- 
mental feeding data of oilseeds, oilseed cakes and 
some other food grains on heifers, conducted at 
Lyallpur under a scheme financed by the Imperial 
Council of Agricultura-l Pvesearch for three years, 
and the authors are indebted to the Council for the 
means accorded for carrying it out. 

Six Montogomery heifers, the details concern- 
ing the ages and weights of which are shown in 
Table II, were employed as experimental animals 
throughout. Some difficulty was experienced at 
the beginning in designing the trials in such a 
way that the results could he submitted to statis- 
tical interpretation according to the modern 
methods. It was obviously impossible to conform 
strictly to such methods, and ultimately, in con- 
sultation with the Statistician to the Imperial 
Council of Agricultural Piesoarch, a plan was 
drawn up which, it was agreed, was most suitable 
for the feeding trials consistent with the number 
of animals. 

In earlier trials [Lander, 1935 and 1936] when 
six animals were employed, it was customary 
to put all the animals on the same ration at one 
time. In the trials now conducted it was decided 
that for each separate ration the animals should 
be divided into two groups, designated A, B, E 
and G , D, E, and the rations to be investigated 
wore serially numbered from 1 to 24 as shown ih 
Table I. Each group of three animals was accord- 
ingly employed for each experimental period of 
1| montbs on one of these rations. This ensured 
that any particular ration would be fed to different 
groups of animals at different times of the year, 
thus eliminating to some degree seasonal variations 
and those in the animals treatment of the rations. 
The general outline of the whole plan of work 
based on this treatment is shown in Table I. 

The genera] technique followed in these feeding 
trials has been recorded [Lander, 1928 and 1929] 
fully in the bulletins and publications on nutri- 
tion from the Agricultural Research Institute, 
Lyallpur, in connection with the work which has 
been carried on here during the last 20 years. 
It is not proposed, therefore, to redescribe these 
in any detail. A careful record was kept of the 
various amounts of rations fed daily to each of the 
animals and also of the dung and urine excreted. 

Before the actual experimental trifils with 
these concentrates were started, the six animals 


were fed for one month on oat hay alone as a 
basal ration, oat hay being a mainte?ianoe ration. 
The animals were then given theii' j,’es])octive 
rations of the concentrates, together with oat 
hay ad lib ior a fortnight, following which the 
actual experimental trial for each feed was con- 
ducted for one month. Again a preparatory 
period of 14 days elapsed before the next experi- 
mental period of one month commenced, and so 
on throughout the period of three years. 

During both the preparatory and experimental 
periods, all the animals were fed oat hay ad lib 
and were always givoii daily exercise under strict 
control. 

During the course of the trials under report, 
the body ifeights of all the animals were taken 
daily and are recorded in Table II. These merit 
no particular comment, as the animals maintained 
and slightly increased their weights and also 
remained in good condition through the trials. 
Feeds employed 

Table III shows the chemical analyses, of ths 
feeds employed during the period under report. 
Oilseed cakes 

Sarson cake, (Brassica campestris var. sarson). 
This cake is a common feed in the central parts 
of the Punjab and is inucb relished by cattle. 
Two pounds of cake (two pounds of the cake were 
fed in all cases except linseed and groundnut 
cake), after being soaked in water for two hours, 
were fed daily and eaten with relish. The digesti- 
bility data for this cake fed at two different 
times of the year on the two different sets of 
heifers correspond fairly well (Table IV). 

Toria cake {Brassica naptis var. dicJiotomd), 
Toria cake is commonly fed in the canal colonies 
of the Punjab. It has“a slightly bitter taste and 
is somewhat richer in protein than sarson calm, 
and no trouble whatsoever was experienced with 
the animals fed on it. It is poorer in digestible 
fat than sarson cake and consequently shows a 
lower total content of digestible nutrients. 

Taramira cake {Eruca saliva) . This is a popular 
feed in the north-west Punjab and is supposed 
rightly or wrongly, to have a cooling offeet. It 
is, however, distinctly pungent, lias a very dis- 
agreeable odour, and the animals at first showed 
a disielination to eat it, but they became accus- 
tomed to it after some time. In chemical 
composition it resembles sarson and toria cake,;; 
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and the digestibility figures sliow that the total 
carboliydratoK and dry matter in taramira a,v& 
nioro digestible tiuiu tliose of so.rmn and toria, 
while the digestibility figures of the protein are 
nnicii the sarne. 

Linseed cake {Linum usilatissimum). Tliis is 
not goner alty fa.voi.ired by ]?imja]) zemindars, but 
is extensively used in dairies and to some extent 
in the north-east districts of the Punjab. 

Groundnut cake {Arachis hypogaea). Groundnut 
cake has only recently been introduced as a 
feeding stuff in the Punjab, but it is not yet 
extensively used, nor has it gained from stock 
ovmers the recognition it appears to merit. It is 
an excellent cake as regards taste and appearance, 
and of all the cakes so far tested it is richest in 
digestible proteins. 

Oilseeds 

Generally speaking, animals do not like oil- 
seeds and perhaps this is wliy they are very rarely 
fed to cattle. Taramira {Bruca sativa) seed, which 
is distinctly pungent and lias a very disagreeable 
odour, was not liked b}?’ tlie* animals, and they 
fell off in condition ; hence no reliable digestibility 
data could be obtained with this oilseed. 

Linseed [Linwn usitatissinium) also was not 
relished by the animals, and the consumption of 
the basal ration, oat hay, was much lower in tliis 
period than with other concentrates. Probably 
its mucilaginous character adversely affected the 
appetite. 

Although linstied and sarson show identical 
figures ff-ir digestible fat and total disgestiblo 
nutrients, yet on account of its mucilaginous 
character linseed is not cf.nuparablo with sarson 
and is rightly not used as a concentrate feed but 
as a curative of digestive disorders. 

Soybean {Glyoine hispida), which stands in a 
category by itself, has a very high digestible 
protein content and a high digestible fat eonttuit. 
It is relished by animals and does not cause any 
digestive disturlxances. 

Grains, etc. 

Quara (Cyaniopsis psoralioide..s) is a leguminous 
kkarif crop, and the grain is usually fed instead 
of gram, as it is clieaper. 

Wheat mamni consists mostly of wheat screen- 
ings and small wheat gi-aiii usually infested with 
oarcocklc. It is very va.riabhi in character and 
composition, but because of it,s eheapness it finds 
favour with gawalas in towns, 

Arfiar {(^ajauus itulicus) is also a legume and 
compares very favourably with gram, but has not 
yet gained the roeognitjou it appears to merit. 

Moth {Fhaseolvs aconitifoUus), raivan {DolicJios 
lailab) and matri {.Pisum sativum) are also legu- 
minous grains and are used in times of scarcity^ 
All three arc cheai) sources of protein. 


Oats {Avena sativa) is a concentrate of recognized 
importance. 

Chari {Andropogon sorghum) and bajra {Penni- 
setum typhoideum) are non-legnminous grains, 
common in the eastern and western. Punjal). 

OlGESTIBlLITy DATA AXl) FOOD VAmTifl.S 

The complet(5 digestibility data (.)!>(n,iuod for 
the digestible constituc'iuts' of tln^ leed, tlie 
albuminoid ratio of the rations ami the totaJ 
digestible nutrients for all fuetls arc shown in 
Table IV. The figures are f-;o]f-exp!.anii.tory, anti 
there is nothing particular to whicii attention 
needs to be drawn. A summary of tbe data pre- 
sented is shown. 

A point brought out in all digositbility trials 
is that the data obtained for ash, tligesti})lo fibre 
and nitrogen-free extr;ict art^ likt^ly to be mislead- 
ing. As Maynard [19.‘17] ha,s pointed out some 
of the absorbed minerals are excreted through tin* 
gut, and there is no nukhod of siipiu'ating such 
minerals from th(^ portion wliicli originally failed 
to bo absorbed. This heing so, and SiS the re- 
excreted portion may he la.rgt‘ a,s w(dl as a variable 
]»art of tiu^ wlmle, it is obviously impossible to 
arrive at a tignre of any value ibr the digest ibility 
of most of the miiuH’al eltanenis. As Maynard 
records, data for digest/ible ash, which fire friHjuont- 
ly reported in fsonneidiffn with fligestion t.rials, 
h;iv(^ tu) rofil Hignific;me<!. dlu'SCi fael/S hav(^ been 
notified during nmny yf'firs’ exfMa’ienee of digesti- 
bility trials fit Lyfiilffiir, and it. 1ms been decided 
accordingly not to pn'Seiit tliesfs lignres. 

AnotluM' im])ortfint piniit which experioiico with 
ffveding trifils Ims cm^ilmsizml is th«* difficulty of 
ohtiiiniiig rcliahkf iigim's for tlui digestibility of the 
fibre: in ff'ods, such .as oilseed c:akos whore the 
fibre eontenl is as rnie lovv. ff'he digi^stiliility 
of the lihro in such cases is invariably nutsked }>y 
the ri))re of th(^ basfil ration and abnormal figure.s 
are generally obtfiiucd. It is considered desir- 
able, thei'oforc., to group ‘ enide fibre’ find ‘nitrogen- 
free extract ’ together as ‘ total c.arbohyilrates 
a procedure which has also been tbllowed by 
Watson and his colhaigucs [ IDffl)]. Tins ]H,'0(XHlure 
gives more satisfactory results find dotis not fiffect 
the ligurns for th(i total digestible nutrient, s or 
starch equivalents. 

In the pfist it has heon ;i common jfraetiee wit h 
rosciircli workers to work out. the md, energy viilims 
ffom th(5 fiscertained starch oipiivnileiits in n 
ration. Modern prficlictg howevc.r, <lise;irdiug 
this, and fis Maynai'd point, s out,, the vsilmfs for 
total digestible uutrioji,t,s must, f)e eonsidereci the 
most practical moasure, botli for comp:iring iecnls 
and as a basis for feeding stfindards. !t must hi^ 
recognized tlmt the values for iudiviflmii feeds 
are not constant and that they d(t n*)!. take account 
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of all losses durmg the passage of the feed through 
the alimentary canal;, but these limitations can 
be lessened in practice by bearing in mind that 
digestibility is intluenced by many factors and also 
by taking into account the losses to which digested 
nutrients are subject during the metabolic cycle. 
We have accordingly shown the total digestible 
nutrients in Table IV for all the feeds investigated. 

In conclusion it may be pointed out that the 
data now presented represent fundamental data, 
the value of which can only be properly utilized 
if applied in the computing of rations on the basis 
of digestible nutrients which the various rations ' 
contam and of economic factors connected with 
the prices of feeding stuffs at various times of the 
year. 

SlJMMABY 

Feeding values of oilseeds, oilseed cakes and 
some other food grains are summarized below : — 


S^rson cake 
Toriit cake 
Tammira cake 
Linseed cake . 
Groundnvit cake 

Oilseeds 
Linseed . 
Sdrson seed 
Soybean . 


Onini 
Maize 
Barley . 
Wheat . 
Wlieatwawiwi 
Wheat bran 
Quara . 
Bajm 
Arhar 
Oats 


Dry 

matter per 
100 lb. 
of Teed 

Total 
digestible 
nutrients 
per 100 lb. 
of feed 

Digestible 
inoteiu 
per 100 
lb. of feed 

lb. 

lb. 

lb. 

93-56 

81-60 

25-70 

96-21 

73-95 

30-47 

89-80 

85-55 

28-92 

94-39 

82-57 

23-58 

93-74 

79-09 

31-11 

94-56 

108-79 

14-78 

96-40 

104-77 

19-82 

92-50 

78-72 

34-65 

91-88 

79-60 

12*43 

91-86 

70-51 

6-37 

91-85 

70-75 

0-69 

91-62 

83-97 

0-75 

94-18 

54-88 

6-52 

89-08 

70-79 

8-89 

92-60 

72-49 

28-75 

90-03 

54-27 

4-86 

91-63 

67-71 

13-11 

90-54 

66-90 

4-44 

90-43 

73-66 

6-41 

91-35 

72-26 

17-40 

89-84 

62-30 

18-57 

89-24 

68 <’69 

18-40 
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Table I 

Plan of the feeding experiments, six animals 
same age; breed and weight, [say A, B, 
C, D, E, F) 

Treatments numbered 1 to 2d 


Concentrateg 

Period of 
experiments 

Treatments 

Animals 
ABF j CDE 

A. Oil-cakes 





Sarson 

14 months 

Treatments . . . 

1 

2 

Toria 

Do 

Do . 

2 

3 

Taramira . 

Do 

Do . . . 

3 

1 

Linseed . 

Do 

Do . . . 

4 

^ 5 . 

Groundnut 

Do 

Do 

5 

6 

Soybeans 

Do 

Do . . 

6 

4 

Total 6 treatments ; 

(oilcakes) time taken 9 months 


B. Oil-seeds 





Linseed . 

14 months 

Treatmonts 

7 

8 

Sarson 

Do 

Do . 

8 .! 

9 

Soybeans 

Do i 

Do . . . 

9 

10 

Taramira . 

Do 

Do ... 

10 

7 


Total d treatments ; (oilseeds) time taken 6 months 


C. Graina, etc 
Gram 
Maize 
Barley 

Oats 
Wlieat 
Wheat bran 


li months Treatments 


Total 14 treatments; (grains) time taken 21 months 

Table II 

Particulars regarding the heifers 
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I Age at the 
beginning of 


Average body weight in lb. 


the experi- X 1 1 14 

fflcnts (1 April Jan. Jan. March 

April 1939) 1939 1940 1941 1942 



ilili 



Digestibflity coefficients 



Limeed cstke 


Digestibility coefficients 
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SIMPLIFICATION OF TtlE GERBER TEST USED FOR TESTING FAT 

IN MILK 

By Zal .E. KoTHAVALLiL, -D. K. Kashyap AiifD Noshui N. Bastxje. Imperial Dairy Beaearcli 

Institute, Bangalore 

(Recoived for publioation on 8 June 1943) 


;[S' India tiio Gerber method lor testing fat in 
milk is edmost universally used. The method 
(un bodies aceuviicy with simplicity, its only 
dj-awlarek is that it ciinnot always be carried out 
under vilhigo conditions, without an expensive 
outfit. The war conditions have added to the 
difiiculty of obtaining the equipment at present. 
According to tlie standard method, centrifuging is 
e.sseiitiai.'" EurchuiSe of such a costly macimie is 
usually beyond the moans of small producers, 
especiali;>’' so at pieseirt. The folio wmg preli- 
minary studies wore, therefore, carried out with 
a view to mod if^ing the technique of the Gerber 
test so tiiat liy using the same standard glassware, 
the costly cont.riiugo might be dispensed with, 
without reducing the accuracy of the results. 

£ximKIME.NTAL 

{i) The cjject of keejdny test aolutiufi for different 
time intervals on the Gerber test 
This part of the t‘X].)eii]nent wais planned with 
the object of determining how long a fieldman 
could safely keep the mixtnro of milk, acid and 
alcohol in a fit coiidition btd'orc taking the readmg, 
and without in aaiy way impairing the accmacy 
of the test, in. case a centrifuge was not readily 
available. Reaction mixtures containing 10 ml. 
of sulphuric acid (sp. gr. 1*82), 11 ml. of milk and 
1 mi. of amyl alcohol were prepared and kept at 
I'oom temperature for different intervals of time 
as shown in Table 1. Eeaf lings wore taken after 
each time interval, after placing butyrometers in 
a water-baUi at irtO''.!’., DotJi with and without 
eoiitrifiiging. Th.c results for cow and buffalo 
milk are sliown in Table I. 

These results show that wl'ien, the conventional 
method of making the Gerber test is followed and 
the tubes dipped in a water bath at 160“ F. for 
five minuies before oentrifuging, it is immaterial 
after what intejval between the mixing and 
dipi).ujg of ttio reaction mixture the test is read. 
It is also interesting to note that, '- by merely 
keeping the butyrometers containing reaction 
mixture at room Lempejutures for about eight 
hours and tiien dipping them in a water bath at 
16u“ h\, correct readings can be obtained. At 
shorter intervals than eight hours, the results were 
n<.)t emrsisivtit'. 

(ii) Jilfjf'Vi of u'Jdliaj aiti'/ji alcohol at a later stage 
ju the slandurd uuf.liod the alcohol is added 
after the milk tuid just be lore the mixture is shaken 
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Table I 

Bjfc.ct of time interval on the Gerber test 


Sample 

No. 

Time 
interval 
in hours 

Cow whole milk 

' Buffalo whole 
milk 

Reading after 
keeping in water 
bath at i60°F. 

Reading after 
keeping in water 
bath at IGO^F. 

5 mitt. 

3 min 
and 
then 
contrifii- 
ging 

5 min. 

5 min 
and 
tlien 
cGutrifu- 
gmg 



(Initial 

•fat test 

(Initial 

fat teat 



4-3 per cent) 

6*2 po^ cent)' 

1 

2 

3-8 

4' 3 

1 , 6-0 

6-2 

2 

4 

4-0 

4-3 

1 5-9 

(i-2 

3 

(:> 

3-9 

4*3 

' . 6-1 

H-2 

4 

8 

4-3 

4-3 

6-2 

0-2 

' 

24 

4 -3 

4-3 

6*2 

6'2 

a 

48 

4-3 

4-3 

6-2 

6-2 

■ 7 

72 

4-3 

4-3 

. 6 ' 3 

6*3 

s 

j 96 

4-3 

4-3 

6' 3 

6-3 

9 

120 

4-4 

4-4 

0-2 

6'2 

lu 

144 

4-3 

4*3 

6-2 

6-2 

11 

168 

4-3 

4-3 

6-2 

6*2 

12 

192 

4-3 

4-3 

6-2 

6-2 

13 

216 

4-3 

4-3 

6-2 

6'2 

14 

240 

4-3 

4-3 

6*2 

6-2 


vigorously. Trials were carried out to see what 
the effect was of adding amyl alcohol after 
allowing tire mixture of milk and aeid to stand 
over different periods and just before putting the 
butyrometers in the bath. In this case also the 
readings were taken after each time interval, 
after placing in a water-bath both with and with- 
out centrifuging. The results are given in Table 11. 

The results showed that if sufficient time is not 
allowed between adding of the amyl alcohol and 
putting the sample in the bath the fatty layer 
does not separate quick enough to give correct 
reading and centrifuging is, therefore, necessary. 
{Hi) Effect of temperature on the Gerber test 

For taking readings in the standard Gerber test 
the temjJerature of the reaction mixture recom- 
mended is 140°-i60°F. To test the effect of 
temperature on the Gerber test, throe tempera, 
times were tried ont, viz. 120“F., 149“F. and 1G0°E. 
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Table II 


Effecl of adding amyl alcohol at a later stage 


Sample 
. No. : 

Time 
interval 
in houns 

Cow whole milk 

Ilulfalo whole 
milk 

Reading aftor 
keeping in w*atcr 
hath at 160"F. 

Reading after 
keeping in water 
bath at 1 

6 min. 

0 min. 
and 
centri- 
fuging. 

5 min. 

6 min. 
and 
centri- 
fuging. 



(Gerber 

tost 4*4 




Series 1. 


, ]icr cent fat) 




1 

2 

2*8 

4-4 





4 i 

3*4 

4*4 




3 

() 1 

3*0 

4*3 




. 4, 

H 1 

3-4 

4*3 




:6 

26 i 

3*9 

4*4 




6 

28 . 

3*9 

4*3 




7 

30 ; 

4*0 

4*3 






(Gerber test 4*3 

(Gerber tiwt 6-6 

Scries 11. 


per cent fat). 

ix'i* cent fa.t). 

8 

' 24 

3*0 

4*3 

•1 • 0 


(Mi 

9 

48 

3*2 

4*3 

<> • 0 


6 • ti 

10 

72 

3*4 

4*3 

6-2 


6- 6 

11 

98 

'3*6 

4*3 

6*0 


(i-6 

12 

120 

3*8 

4*3 

6*4 


6*6 

13 

144 

3 * 5 

4*3 

6*0 


(i*6 

14 

168 

3*6 

4*3 

6*4 


6*6 


In each case a Heries ol’ mixtures of milk, sulplmric 
acid and amyl alcoliol were prepared in the 
normal way, in triplicate, for each time ititerval 
indicated })olow. The triplicate tubes wtau 
examined as Ibilows : the lirst tube was kept 
at the particular itunpiu’ature to bo truKl for 
five minutes before testing ; the sec-ond i iibo was 
centrifuged and fat road ; whih? the tiiird tula; 
was centrifuged, imnua’sedin a wafer ]>atli foi’ five 
minutes at the temperature'! uudoj’ obs<5rvatiuu 
and the fat percentage then road. The results 
are shown in Table liX. 

It win be seen that merely keeping the sa-mple 
in the water bath at 120°i\ gaam rather a low 
reading. If, however, the sample is ke])t in. the 
bath at this temperature after centrifuging, no 
change in the reading is noted. Tht^ same 
tendency was noted when employing 
All the fat layer did not separate out by nuu'ely 
immersing the sample in the bath ])ut. it was 
necessary to eoiitrifuge it. When using 
the reading tended l.o equalix(j, after about eight 
hours, with the reading obtained by the sf andard 
method. Monce it could Ijo coududiHi tluit if 
tlie ordinary (lerbor tost is carried out after 
allowing the rea(!tion mixture t(,» stand for eight 
hours at room temperature and then imnuu'siug it 
in the bath at lor five nuuutcs the rt^ading 

obtained would be the same as that obtained by 
Centrifuging it immudiat.oly after mixing the 
solutions. 


Table 111 

Effect of using different temperatures in (Jerher test 


Sample No. 


Ti,mo 
interval 
in hours 


Temperature 120“F. 

Temperature 1 49°F. 

Temperature 1 60"F, 

Keeping 

in 

water- 

bath 

alone. 

Gentri- 

fuging 

alone 

Contri- j 
fuging 
and 

koej)ing 

in 

bath j 

Koeping 
iu water 
bath 
alone 

1 

Contri- 

fuging 

alone 

CV'utri- 

fuging 

au(i 

k(H)ping 
in bath | 

Keeping 

in 

water 

batb 

alofm 

Ckmtfi- 

ingmg 

alone 

1 'ontri-> 
fuging 

1 and 
; kt^oping 
iu bath 


Oow wi 


hole milk 


(Gerber test 4*2 per' cent 


fat) 


1 0 

2 2 

3 4 3*9 

4 6 3*9 

6 24 3-9 

6 26 3-9 


4*1 

4-1 

4-1 

4*1 

4-1 


4-1 

4-1 

4-1 

4‘1 

4-1 


3-7 

3-8 

3-9 

.‘P9 

3-9 


#1 

4*1 

4*1 

4*1 


4*1 

4*1 3*8 
4*1 3*9 
4*1 3*9 
4-1 4*1 
4*1 ,4*1 


4*1 4*3 
4*1 4*2 
4*1 4*2 
4*1 4*2 
4*1 4*2 
■•M 4*2 


1 

3 

4 
6 


Buffalo milk (Gerb w test 6*4 per (sent &t) 


0 

1 ; . . 

6*3 

6*3 


6*3 

6 • 3 

4 • 

6*0 

6*3 

0*3 

6*0 

6*3 

6 *.3 

f 8 

6*0 

6*3 

6*3 

6*2 

6*3 

6*3 

24 

6*2 

0*3 

6*3 

6*2 

< 5*3 

6*3 

28 : 

■ 6*2 

6*3 

6*3 

6*2 

6*3 

(;*3 

32 

^ d ‘2 

6*3 

6*3 

6*2 

6*3 

6*3 


6-3 6*4 

6-3 Cl *4 

6*3 (h.i 

<0 3 <1*4 

6*3 6*4 

6*4 


6 


6-3 


0*3 
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room temperature. Before testing they -vvere 
immersed in the water-bath at 120°, 149°, 160°, 
165°, 175°, 180°, 186°, 190° and 195°F., for 
different intervals as indicated in Table IV. 

The results showed that the temperatures of 
120°F. and 149°F. were too low to be employed for 

^ " -n " 4.1 these experiments. As the temperature was 

period of heating or by still lurther raising the raised to 160°F. and upwards, correct readings 
temperature. ' were obtained at varying intervals of time. *The 

For these trials, mixtures of milk acid and higher the temperature the shorter was the time 
amyl alcohol were prepared as usual and kept at after which the reading could be taken. 

Table IV 

Effect of varying periods of heating at different temperatures 


ii‘v) varying the period of heaiing at 

different temperatures on the Gerher test 

In practice probably waiting for eight hours 
before taking the reading may be a disadvantage. 
Trials were carried out to see ifthis interval could 
lie considerably reduced by either increasing the 

• T I"* 1 _ .. ...... 


Sample No. 

Tim’e interval 
in hours 

Cow whole milk 

Buffalo whole mil 

Time of immersing in water-bath 

Time of immersing in water-bath 

10 min. 

15 min. j 

20 min. 

10 min. 

15 min. 

20 min. 

A. 120“F. 


(Gei’ber t 

1 

3st 4‘1 pei^cent fat) 




1 

0 

3*6 

3-8 

3-9 




2 

2 

3-9 

3-9 

4-0 




3 

4 

3-9 

4*0 

4-0 




4 

6 

3-9 

4-0 

4-0 




5 

8 

3-9 

4-0 

4-0 




6 

24 

3-9 

4-0 

4-0 




B. 


Gerber test 4*1 per cent fat) 




1 

1 

3-6 

3-9 

4-0 




2 

3 

4-0 

4.0 

4-0 





6 

4-0 

4.0 

4.0 




tour 

7 

4-0 

4-0 

4-0 





24 

4*0 

4*0 

4.0 




C. 160°F, 


(Gerber 

iest 4* 6 per 

cent fat) 




1 

1 

4-4 

4-4 

4-1 




2 

3 

4- -5 

4-5 

4- 6 




3 

5 

4-6 

4-6 

4-6 




4 

7 

4-G 

4- 6 

4-0 




5 

24 

4" 6 

4-0 

4' 6 




D. 165“F. 


(Gerber test 3- 6 per cent fat) 




1 

1 

3-3 

3-4 

3-4 




2 

11 

3-5 

3-5 

3*5 




3 

2 

3-6 

3-5 

3-6 




4 

2-1 

3 -5 

3-6 

3-6 




, 5 

3 

3*5 

3*6 

3' 6 




6 

31 

3-i> 

3' 6 

3*6 




7 

4 

3-6 

3-6 

3*6 




S 

41 

3-6 

3-0 

3*0 




B. 176°^. 


1 (Gerber test 4*5 per 

^ent fat) 




1 

1 

4-3 

4-4 

4*4 




2 

11 

4-4 

4-4 

4*4 




3 

2 

4-4 

4-5 

4*r» 




4 

2.1 

4-r, 

4-ri 

4-n 





;r 

4-n 

4-5 

4-5 




<; 

u 

4-11 

4-5 

4-5 




7 

4 

4-n 

4-5 

4-5 
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('o\v wliole niiik 

fbifniio vvlioii- miik 

Saiunle jNo. 

Time iiitorvul 

ill, ilMUl'M 

'L’inw of hur.ioi'siujf in \ 


'J’imo of ii 

imiT..iii::' ill M 

iiicr-lMlh 



10, min. 

111 mill. 

20jiun. 

1 0 mill. 

i f) mill. 

;•() mill. 

F. ISO^F. 


(Gerbe; 

test 4" 7 per 

■ 

lent fat) 

(Goi'Iiim- t(> 

^i, G- i j)t>r ('(’ll 

fat) 

1 ■ 

1 

4’G 

4-6 

4-G 

G-3 

G-:; 

G- 3 

. ■ 2 ■ ^ ^ 

u 

4* (5 

4-6 

4-7 

G-.‘il 


G-.> 

3 


4-7 

4-7 

4-7 

6-4 

G-4 

G- 4 

, 4 

, ,2^ 

4-7 

4-7 

4-7 

G-4 

G-',t 

G-4 

G. .isn^F. 


(Gerbqr 

test 4’ 6 per c 

3nt fat) 

(Gerber 

est 0 - 4 per cent fat) 

‘1 

1 

4-4 

4'.') 

4-5 

G-3 

G-3 

G- 3 


li 

4-5 

4 -a 

4-G 

G-.3 

G-4 

G-4 

3 

2 

4- (5 

4-<) 

4- G 

G-.| 

G-4 

G 

4 

, 

4’0 

4-r» 

4-G 




5 

3 

4-6 

, 4-<i 

4-G 




6 

n 

4- 6' 

4-(! 

4-G 




7 

4 

4 - 0 

4-0 

4-G 




H. 190“F. 





(Gerber tee 

t G - 8 per mn 

jfat) • 

1 

1 




G-7 

'■ G-7 ' . , 

6-8 

■ 2’ 

H 




G-8 

G-8 ^ 

G-H 

.3 " 

• 2 




G-8 



I. 395®F. 


(Gerboi* t 

;esfc 4*7 per cej 

nt fat) 

(Gerber tesi 

C» • S per ceut 

'at) . 

3 

1 




G-G 

G-7 

G-7 

2 

1 

4-6 

4-6 

4-7 

G-7 

G-8 , 


3 

lit 

4-7 

4-7 

4-7 

G*8 

0-S ’ 

G0“^ 

4 ^ 

2" 

4-7 

4- 7 

4-7. 





At 160°F. the correct reading corresponding to 
the control Gerber test was obtained after three 
hours by keeping the butyrometer for 20 ininntes 
in the bath ; at 180®F. the interval was reduced 
to two hom‘s; at 190‘’h\, to 1|- hours and at 195®P., 
to One hour. Hence any of these temperatures 
could be selected, but temperatures between 
176®P. to 190°F. are likely to prove more con- 
venient on account of saving in time. It sliould 
bo noted that it is essential to coiTtpletely dip 
the butyrmneters in watc!!' bath in all, these cases. 

, COHOLTJ.SIOHS 

(i) It is not necessary to c(mtrifuge a sainplo 
iminediatoly it is prepartrd wlnui estimating fat 
by the Gerber method, pi'ovidcd the preciaution 
is observed tliat .such a mixture is dipjHid for five 
minutes in v/ato?r-bath at 1()0”F, before taking the 


reading. Under those cir<nnnst)tiU'!os evtui after 
10 days the correct reading can }x« obtained, 

(ii) If the butyi'omctcrs arc ailowcd to stand 
at room tem])eraturc, in about eight houi s <;r a, hove, 
the fat layci- gets enough time to sijpa,rai<' out 
from the remainder of the mixiiuMi and it is 
possible to disjumse with eeiitriruging entirely. 

(■in) It is possi])!c to shoi-ien the tiou! bofore 
correct reufiing ca.n Ih^ obtaimul, ami aJ. Gk- sa.mo 
thne disponse with lb(‘ <‘e(dri fugc*, fiy raisiinr tho 
temperatim^ of tla^ balh r.nd jirolonging' the. linui 
of dipping. I’hus, for examiftie, ij in Ibund i iiid. 
at 100°F. reading <‘Oui{l lie {jblaincij affer a,u 
interval of only one hfuir. 

{iv) These modilicaiimss in ths; siandeo'd (h-rhi-r 
method makes possiltk' its i-egidaif use hy iwitaH 
producers. 


rmEmMomMiM m livestock 


By NARAiJf Das Kehar and Goyiisri’) Rau, Aidmal Nutrition iSoction, Imperial Yeterinary Reaearcli 

Instituto, Izatnagar 

(Received for publication on 26 May 1948) 

Effect of roiso:jnNG oisr meat 


On receiving a i-oport from the Veterinary 
Investigation Ofiicor, Nortli-Wost Erontier Pro- 
vince, in 1939 that several animals in a herd had 
been poisoned by ])lants on M'hich they had grazed 
in a particular area near Parachinar, feeding trials 
with the suspected plants were undertaken on hill 
bulls, sheep and goats. 

Tliis article presents observations on symptom 
and post mortem changes after Nerivm odorum 
had been fed to the animals. 

Nerium odorum. (Punjab ^ — leaner \ Bengal — 
karachi : Baluchistan — gayideli) is a large, glab- 
rous, evergreen shrub with a niilky juice, bearing 
sweet-scented rose-red or white flowers. Accord- 
ing to Kirtikar and Basu [1938] it is extensively 
cultivated throughout tlie greater part of India as 
an ornamental plant in the garden. In the wild 
state it is found in the upper Gangetie plains, on 
the Himalayan ranges from Nepal to Kashmir up 
to an elevation of (1,500 ft., on the salt ranges, 
and in Waziristan, Baluchistan, Central and 
South India. 

Symptoms of poisoning 

Hill hull. One hill bull was drenched with a 
water suspension of 200 gm. of leaves, stem and 
flowers of the plant. After a short time, the animal 
began to grunt and retch. Micturition and defeca- 
tion became very frequent. (In 30 minutes, there 
were four micturitions and three defecations). After 
about ten minutes, the pulse became weak and the 
respiration somewhat rapid. Death occurred in 
convulsions in about 35-40 minutes after drenching. 

Goat. A preliminary feeding of 10 gm. of the 
plant caused trembling throughout the entire 
body. After two hours, the trembling lessened,^ 
but continued for another two hours. When similar 
dose was given on the following day, the am’maFs 
temjjeratnre became sub-normal, and death occur- 
red in about two hours. 

Sheep. In sheep the only symptom, . after 10 
gm. of the plant, w'as laboured respiration. Death 
ocourfed during the night. 

PgSTM(.).HTEM OHANGE.S 

In all easels flmro was a slight congestion of the 
fundus jjertion of the ab(jm:mum and duodenum, 
and th(i coutenfo of ilu' r'cctieulam were semi- 
fluid. 9’ho aljdomiual cavity in sheep contained 
500 e.c, of faintly blood-tinged fluid,. 


The heart and mnscles from various parts of 
the body of both slioep and goats that died of 
kaner poisoning were fed ae])aratoIy to two dogs 
for two days without any ill effects. The heart 
(52 gm.) and muscle (49 gm.) ivere fed to dogs 
weighing 52 and 48 lb. respectively. 

Toxicity OF the plant 

The plant appears to be highly toxic. Snipe 
[1887] fed two ounces of the leaves night and 
morning foi- tiir(^e days to a horse and observed 
sjnnptoms of dull abdominal pain, anorexia and 
yellowness. 

Kohert [1902] found that meat roasted on skewers 
of kaner wood had been responsible for death in 
soldiers. According to 'Walsh [1909], ‘ a single 
growing top of the plant proved fatal ’ to horses and 
cattle. 

From the table given below it will be seen, that . 
the minimum lethal dose is 4 gm. per kg. body 
weight for bulla; 0‘3 gm. for sheep and 1‘2 gm. 
for goats. Steyn [1929] found that the minimum 
lethal dose of the dried leaves and flowers was 
5 gm. per kg. body weight for the rabbit. It is 
stated that a few leaves may cause death in 
human beings [Von Itallie and Bylsma, 1928]. 


Animal 

Body 

weight 

mount 

of 

'ftL 

Eemarta 


lb. 

gm. 


Hill bull 

218 

400 

Death within IJ hours 

Goat . . . 

.54 

20 

10 sm. per day, death on 
the 2nd day 

Sheep 

71 

10 

Death after six hours 


The miters found both the white and rose red 
varieties to he poisonous. This is in eonforaiity 
with the observations of Wilson [quoted by 
Paramel, 1911]. 

The plant ‘is co,nsidered to cause sy.stolic heart 
failure in frogs, and Pendso and Dutt [1934] 
found that it contains a strong (jardiae poiKSO.n 
producing a depression of. the lieai t, 
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Active pbikoipije 

GroenisJi [18S1 aad 1883] isolated two bitter 
'priuei|)les, namely, nenodorin and neriodorein. 
Thes(^ toxie prin<‘iploH are ])ossibly identical with 
neriim and ohandrin d(‘.serib<.*d ' by Schmidberg 
[1882 and 1883]. Bose [1901] isolated karahin. 
Pon<lso and Dutt [1934] mades a systematic 
elieniieal examination, and showed that the bark 
containt'd small quantities of a volatile essential 
oil, t\vo a,7nor])lious ghicosides, viz. neriodorein 
(Gag HgjOji) and nerindorin (CgaHgaOv), a solid 
crystalline wax, a pblobaphane, a tannin and a 
dark red colouring matter. The presence in the 
fresh bark of traces of peroxidase and hydro-; 
lytic .enzyme has also been shown. Neiunann 
and Linder [1937] have shown that the aglucone of 
oleandrin is identical with acetylgitoxigenin, the 
aglucone of desacetyl-oleandrin mth gitoxigenin. 
They considered that chemically and pharmacolo- 
gically both the ghicosides belong to the group 
which may be designated as containing glucosides 
of digitalis group. 

Fisher and Viderko [1937], liowever, found no 
alkaloids in the leaves, tbougli 'Pschesche [1937] 
and Farbenind [1938] obtained glinuisidi's from the 
leaves that have an action on the heart, d’soheseho, 
.Bohlo and Neumann [1938] isolated the cardiac 
gluoosides from oleander loaves and proposed the 
structural formula. Clinically, it is used like 
digitalis, but has produced better therapeutic 
effects. 

SUMMAIiy 

Observations were made on the toxicity of 
Nerium odorum Fleanders to bulls, sheep and goats. 
It was found that all parts of the plant were 
highly toxic. 
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AN EGG-COOLING CABINET 


By A. J. MaoDomald and T. S. Kbishnan, Poultry Research Section, imperial Veterinary Research 
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(Received for publication on 19 July 1943) 

(With Plate III ami two text figures) 


The quality of an egg depends on inherited and 
environmental factors and the latter are more 
easily controlled than the former. Among the 
various external factors which influence egg quality 
temperature is normally the most important. 
Though eggs can he stored successfully for several 
months in cold storage, exposing them to consider- 
ably higher temperatures for even a comparatively 
short period will render them inedible. Ordinarily, 


when .subjected to liigb tcmjxM'aturfM, eggs tleliu-io- 
rate rapidly, the air cell euliirges, ilu' while' Hipielh's 
and the yolk flattens out find iiitiriiately nqjifcurcs. 

Herrington and iSliarp [193-11 slunved tliat, 
whilst the interior (piidity oi’ eggs (uuild at low 
temperature.s, ho couservi'd owr fairly long 
periods, the rate of deterioration increasf'.d rapidly 
at higher holding temperatures. I^lggs at. 
had their yofc in sound condiiiou aftc'r 13 wusks 
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of storage, whereas others, held at 113°F., had 
ruptured yolks after storage for one week only. 

The humidity of the atmosphere also influences 
egg quality. Very low humidity leads to rapid 
siirinkage, whilst very high humidity encourages 
mould growths. Both of these conditions are 
greatly accelerated if the temperature is high. 
Wilhelm [1939] reviewed the work carried out on 
the influence of temperature, humidity and other 
factors on egg quality. Kennard and Chamber- 
lain [1940] and Klein [1940] showed that, even 
when temperatures were low, lack of humidity 
resulted in marked loss in grade as judged by 
candling. Shoemaker [1936] noted that high 
humidity in egg storage was essential for reducing 
evaporation and conserving flavour. The ad- 
vantages of combining low temperatures with 
relatively high humidity in the storage of eggs 
have been demonstrated by Jeffrey and Darago 
[1940] ; Beniqn and Price [1940] ; Kennard and 
Chamberlain [1940] ; U. S. Egg and Poul. Mag. 
[1940] and Snyder [1941]. . 

Fertile eggs also become inedible as a result of 
embryo development after a few days’ storage in a 
warm atmosphere. Bapid spoilage of eggs occurs 
in the plains of India owing to the fact that the 
temperature is often above the critical tempera- 
ture for embryo development ; indeed, in the hot 
season the temperature often approximates the 
optimum for incubation. Though the consump- 
tion of eggs in the towns is relatively much higher 
than in the villages, production is mainly con&ied 
to rural areas. The quality of the eggs found in 
the town markets, especially during the hot weather, 
is very poor on account of erratic collection from 
the producers, slow transport from the producer 
to the consumer and the exposure of the eggs at all 
stages to adverse weather conditions. As no 
attempt is made to produce infertile eggs at 
any season of the year, losses from embryo deve- 
lopment during the hot months are excessively 
high. 

The obvious remedy for the above losses would 
be to produce only infertile eggs during the hot 
weather and to hold them at low temperatures. 
In order to obtain infertile eggs, it would be 
necessary either to sell off the males or segregate 
them from the females. The latter remedy is, 
however, not vei-y practical as production is much 
cheaper under free range conditions and it is not 
easy to keep the sexes separate in the villages 
where this system normally prevails. Further- 
more, as the villager firmly believes that hens 
will stop laying or give very poor production in 
the absence of the male, it would require much 
propaganda to overcome the custom of running 
males with the females throughout the year. As 
proper cold storage conditions are altogether 


impractical under present village conditions, it 
would be necessary to devise cheap and simple 
methods of storing eggs during thd hotter seasons 
of the year. If such a procedure could be adopted, 
many eggs, which at present are a total loss, 
could be saved and consumption would be increas- 
ed as the eggs would be of a better quality. 

Various methods of storing eggs for short 
periods, in the absence of ice or mechanical re- 
frigeration, have been tried. The Canadian Fault. 
Review' [1940] quotes Cook as follows : ‘In 
isolated cases we have found that the mean soil 
temperature during the summer months is generally 
low enough to suggest that a reasonably satis- 
factory storage could be provided in a suitable 
cellar with an insulated roof. In other districts 
the required low temperature might be obtained by 
evaporative cooling, i.e, the evaporation of water 
from moss peat, etc., placed around the cooled 
space. In other places sufficiently cool spring 
water might be available to cool a small holding 
room. Few of these methods could be capable of 
attaining tejmperatures of 50°F, but it should be 
possible to maiiitain 60-70°F. in most cases. The 
cellar system is useless where ground temperatures 
are high ; evaporative cooling is useless where the 
relative humidity is high and the use of cold 
spring water, etc. is limited to the relatively small 
number of establishments where it is available’. 

Payne [1934] gives the details of construction of 
an excellent type of underground cellar and 
reports that the inside temperature remained at 
70°F. whilst the outside temperature was 100°F. 
This type of Ge%r is, however, too costly for the 
small producers and egg retailers normally found 
in India. Berley Winton [1933] gives details of 
another type which is only partially built into 
the earth, "but it is unlikely that this system would 
prove as efficient. Oollopy [1930], Dougherty 
[1931], Canad. Foul. Rev. [1940, 2] and Thompson 
and Roberts [1940] give details of several types of 
coolers based on the spontaneous evaporation 
of water. In northern India during the pre- 
monsoon months (April to June), the temperature is 
high and the humidity low, conditions which a, re 
favourable for cooling the air temperature by 
evaporating water. 

Experimektal 

Fig. 1 and (Plate III, fig. 1) give details of a 
cooler similar to that described by Oollopy [1930] . 
In order to ensure good aeration, the sides 
and bottom of the cabinet and the bottom of 
the trays were made of wire netting. Each of the 
trays held about 200 eggs. The cabinet gave the 
best results when exposed to a through draft in a 
shady place. 
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Fig. 1. Detail of construction of the cabinet cooler 


To Start the cooler, the water tray was filled 
with water, the hessian clothes were thoroughly 
soaked in, water and hung over the cabinet with 
one end immersed in the ivater tray. The cabinet 
was not loaded with eggs until the temperature 
inside liad ceased to fall. 'J'he cabinet was only 
opened when absolutely essential as^ frequent 
openings, especially during the heat of the day, 
increa Bed the inside temperature and lowered the 
humidity. . 

Exijcriments were eanied out to test the eiii- 
ciency of the cabinet with regard to regulating the 
temperature and humidity and controlling embryo 
development, the exi-ent of shrinkage and the 
deterioration of internal quality. In each test 


similar groups of fertile and infertile, liour-old and 
day-old eggs were used. IMu'- (piality of the hour- 
old, day-oid and other eggs at various stages of 
.storage both in the cabinet aiid undcM- orditiary 
room condition wave delorminc'd. TenqKU’ature 
and humidity records for the i*abiiiet and room 
were maiiitainod throughout each experiment. 

TeMUBEATITBE ANi) .lIIJ^UI>^'rY 

Fig. 2 gives the results obl.ained in three ex- 
periments carried out in the hot dry period of 
May and Juno. The daily ni(*au te.mperatures 
were obtained by averaging' tlui daily uiaxbnu.in 
and minhnuni temperatures, '.riu?. daily mean 
relative humidity pereentages were obtained h;^. 
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ayeragiiig tiio jnoniiiig and evening readings. The 
maxininjn daily temperatures recorded in the room 
ranged from 94*^ to 102“JB\ in Test 1, 98° to 106°3r. in 
Test 2 and 3.00° to 110° £\ in Test 3. The average 
room temperatures for each of the tests were 93' 1°, 
97*3° and 100*3°F., in Teats 1 to 3 respectively. 
The corresponding temperatures inside the cooler 
were 76-7°, 80*2° and 78* 7°F, respectively. Mean 
relative humidity percentages in the room in Teats 
I to 3 were 34, 36 and 23 ; the corresponding figures 
in the cabinet were 65, 67 and 63 respectively. 

In all the tliree experiments the cabinet tempera- 
tures were much lower than those recorded for the 
room. In Test 3 the average drop in temperature 
was greater than in Testa 1 and 2 owing to the 
higher room temperature and lower humidity, 
both factors being more favourable for the efficient 
working of the cooler. A maximum drop in 
temperature of 36°P. was recorded durmg a period 
of strong hot w'inds when the room temperature 
was 1 10°F. and the relative humidity below 5 per 
cent. Thompson and Koberts [1940] obtained a 
maximum drop of 24“I\ with a temperature of 
103°E’. and a relative humidity of 9 per cent. 

In preliminary experiments it was found that 
the conditions of fairly high temperature and 
humidity inside the cabinet favoured mould growth 
in eggs stored for more than ten days. In a 
number of experiments it was found that whilst 
ail the eggs remained apiiarently ifee from mould 
during the first 10 days of storage, further storage 
for four to five days resulted in nearly all of them 
developing mould growths. This defect in storage 
under cabinet conditions was overcome by trans- 
ferring the eggs into a perfectly fresh cabinet after 
one week’s storage. The cabinet after use for one 
week was thoroughly washed and left to stand in the 
sun for a period of throe to four hours and rested 
until required again for use at the end of a week. 
With two cabinets, one in use for one week and 
the other rested after cleaning for one week, no 
trouble was experienced with mould growths in 
various tests involving storage for four weeks in 
the cabinets. 

Embeyo development 

A total of 240 fertile eggs were used to test out 
the effi.ciency of the egg cabinet in retarding 
embryo development. The maximum daily room 
teinperatures recorded during the storage period 
ranged from 103° to 110°E. Hour-old eggs and day- 
old eggs that had been stored at room temperature 
were used and stored either in the cooler or in the 
room. The hour-old eggs would normally only 
be available witli the producer who collects the 
eggs every hour. The day-old eggs represent the 
very best quality eggs as received by the retailer 
or consumer. The details of the tests carried out 
at different stages are given in Table I. 


• Ta..bt.jE I 


Embryo demlopnimi, 


Period 

of 

atorttge 

Hour-old eggs 
stored in 

Day-old eggs 
stoi'od in 

I'loinwks 

Cooler 

Rooni 

Cooler 

Koom, 

Freak . 



j_ 

+ 

No. 33 

3 days 



+ 

+ + + 

No. 35 

7 days 


+ + + + 

+ + 

i 

No. 35 

10 days 

.* .' * 

+ + + + 

4" + 


No. 35 

14 days 

. .* 

+ + + + 

1 

1 ++-f + 

No. 36 


-f Dovclopmont without blood, visible clearly 
on candling. 

■p -f-DevelojMnent with teaeo of blood, visible 
only on opening out, 

-f' -f- 1- l.i'urthor dovolopinont with blood veins 
clearly visible on candling. 

IjJxtorisivt' rtu’oloptaont. 

*Slight germ devoloj uncut without blood, visible 
only on opouiug out. 

Hour-old eggs stored at room tomporature for 
three days were classified as edible. Thtsy showed 
prominent embryo development but no blood 
under the candling lamp. Hour-old eggs stored 
at room temperature for seven days or more 
were judged as inedible on account of extensive 
embryo development. 

Under the cabinet condition of storage the eggs 
showed no signs of embryo development under 
the candling lamp at 10 and 14 days. However, 
at 10 and 14 days about 50 per cent of the eggs 
when broken showed very slight embryo develop- 
ment. The embryo development in eggs stored 
for 14 days in the cabinet was much less than that 
of similar eggs stored for three days at room 
temperature. 

The day-old eggs stored at room temperature 
showed a certain amount of o,ml)ryo development 
under the candling lamp but no blood was visible. 
The eggs when stored at room temperature for a 
fui-ther period of three days showed marked embryo 
and blood development under the candling lamp. 
These eggs were classified as inedible. At each 
of the subsequent stages of Jiolding at room tem- 
perature the quality was sonunvhai; })ooror than 
the corresponding hour-old c'ggs stonul utuler the 
same conditions. Tiu^ day-old eggs in tlic 

cabinet for three da,ys showfid slighi.iy greabu- cm- .. 
bryo development tlian at a day-old but were still 
edible as no blood liad fornusl. 7, 19 and 

14 days in the cabinet tlu'. day-old (ggs sliowed 
slightly more marked dtwelopinent of (he embryo 
under the candling lamp than at thn'e days but 
no blood was visible. Uowev<'r, at all these three 
later stages the broken out eggs had very minute? 
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specks of blood. From the market standpoint 
such eggs, though not of the highest quality, can 
be considered as edible. 

Shrinkage 

Shrinlrage in eggs is brought about by the loss 
of moisture and is regulated by the temperature 
and humidity of the atmosphere. In commercial 
niarketing it is impossible to determine the shrmk- 
age direct, but an indirect measurement of shrink- 
age can be made by studying the size of the air 
space as seen by means of the candling lamp. The 
maximum permissible air cell depth for Agmark 
as laid down in the Agricultural Produce (Grading 
and Marking) Act (1937) is three-eighths of an inch 
[Report on Marketing, 1938]. As judgment of the 
air cell depth under the candling lamp is some’s^hat 
empirical, 240 fertile and 240 infertile eggs were 
broken and the size of the air cell measured by 
means of a spherometer Plate III, Fig. 2). ^ The 
various measurements for the depth of the air cell 
and the percentage losses of weight from the 
original weights as measured by actual weighings 
are recorded in Table II. 

Table II 

Shrinkage. 


Period of 
storage 

Place of 
storage 

Hour-old eggs 

Day-old eggs 

Depth of 
air cell 

Loss of 
weight 
per cent 

Depth of 
air cell 
mm. 

Loss of 
weight 
per cent 

Fresh . 


1*1 


4*3 


3 days . 

Cooler 

4' 9 

0*78 

5*2 

0-56 


Room 

(5*1 

3 • 76 

7*0 

1-68 

7 days . 

Cooler 

0-3 

1 • 91 

6-8 

1*69 


Room 

8*() 

3*99 

9-6 

4*01 

10 days 

Cooler 

7*1 

2-54 

7*3 

2-14 


Room 

9-0 

5-73 

11*2 

0*94 

34 days 

Cooler 

7-0 

3*39 

7*8 

2*92 


Room 

12*5 

9-24 

33*2 

9 -90 


whilst the corresponding figures for the cabinet" 
stored eggs were only 3 '39 and 2-92 respectively. 

Shell thickness determinations were made on all 
the stored eggs in order to find out if there was any 
correlation between the thickness of the shell an d 
the percentage loss of weight. Alicrometer screw 
gauge readings of the thickness of the shell were 
made on each egg at each pole and at a point mid- 
way between the poles and these figures were 
averaged to get the shell thickness. A critical 
examination of the results obtained revealed no 
close relationship between the shell thiokness and 
percentage loss of weight with shells ranging in 
thiokness from 0-22 to 0*45 mm. 

Table III gives comparative figures' for the 
percentage losses in weight for a dozen selected 
pairs of eggs. Both eggs in each pair were treated 
identically. The figures showed that the per- 
centage loss in weight is not correlated with the 
thickness of the shell. This is in agreement with 
the findings of Romanoff [1937], 

Table III 

Relation of shell thickness to ‘percentage loss in 
weight 


At hour-old the average depth of the air cell 
was only 1 • 1 mm. whereas in day-old eggs stored 
under room conditions the corresponding figure 
was 4 3 mm. In aU cases the depth of the air 
cell increased with storage ; the figures for the 
hour-old and day-old eggs held under room condi- 
tions for 14 days were 12*5 and 13-2 mm. res- 
pectit'el3’^. The increase in the depth of the air 
cell under cabinet conditions was much less and 
after 14 days of storage the corresponding figures 
were 7*6 and 7*8 mm. for the hour-old and . 
day-old eggs respectively. 

The percentage loss of weight followed much 
the same trend as the air cell depth for at each 
stage the hour-old and day-old eggs in the cabinet 
had shrunk leas than those under room conditions. 
At 14 days storage the percentage losses in weight 
in the hour-and day-old eggs were 9*24 and 9*90 


No. 

Shell thickness 
mm. 

Loss of weight 
per cent 

1 

0-26 

1-57 


0-26 

3-02 

2 

0*27 

S‘42 


0-27 

7-62 

3 

0*29 

6-21 


0-.30 

7-62 

4 

0-31 

9‘2S 


0*32 

13-00 

5 

0-33 

4-89 


0-34 

9-00 

6 

0-.34 

2-lo 


0-34 

4-94 

7 

0-34 

1-22 


0-36 

2-10 

8 

0-34 

4-87 


0-36 

9-79 

9 

0-34 

4*39 


0-38 

10-04 

10 

0-3G 

5-65 


0 • 43 

8-65 

11 

0-37 

3'-55 


0-38 

, 6-39 

12 

0-38 

4-58 


0 • 38 

10-58 
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InTEBIOS QTTAMTy , 

The question of the interior quality of the yolk 
and white, apart from embryo development, was 
also investigated. The quality factor’s studied 
were albumen index, percentage thick white and 
yolk index as described by Macdonald and 
Krishnan [1942, 1943]. Table IV gives data for 
hour-old eggs stored in May and Table V gives data 
for day-old eggs stored in June. As the average 
temperatures both in the room and cabinet were 
someavhat higher in June than in May, the two 
tables cannot be regarded as strictly comparable. 

Under room conditions the yoUc index figures for 
the fertile hour-old eggs decreased from an initial 
0*433 to 0-229 at seven days. During the same 
period the rate of decline in the infertile eggs also 
was very similar. From seven days onward the 
rate of decline in the yolk index figures was 
greater in the case of the fertile than the infertile 
eggs. Whilst it was possible to make yolk index 
determinations on all the samples of infertile eggs 
stored at room conditions for 10 and 14 days, it was 
only possible to make two determinations in the 
case of the fortiles at 10 days and none at 14 days. 
The yolk index figures for the fertile and infertile 
eggs were fairly comparable under cooler conditions. 
Yolk index determinations were made on all 12 
samples of fertile eggs held in the cooler for 14 
days. The yolk index figures at each stage of 
storage were higher in the cooler than in the room. 

In the case of the day-old eggs the yolk index 
figures were similar for fertile and infertile eggs held 
for three days under room conditions. However at 


seven days and at each subsequent period under 
room conditions all the fertile eggs had burst yolks 
whereas it was possible to I’cc-ord all the yolk 
index figures of 7 and 10 cbiys and S out of 12 at 14 
days of the infertiles held under tlu' same 
conditio as. 

As in the casci of tlu'- hour-{)ld eggs tho day-old 
eggs stored under eoohu- tiorKlitious gave better 
results as ju<lgod by yolk than the eggs 

stored under room (foiiditious, J.n the case of 
fertile eggs it was possi])le to deiermiue the yolk 
index of all eggs at wS ’VfU days in tho cooler 
whereas no readings were possible n,t this stage on 
fertiles held under room conditions. 

The albumen quality factors, viz. albumen 
index and percentage thick white sliow that the 
conditions in the cooler were nob so favourable 
to their preserva4ion as in the of the yolk 
index. There was also less diftiM-onco in tiie be- 
haviour of the fertile and infertile t-iggs both under 
room and cooler conditions of storage. Readings 
for the albumen imh^x wia'c often iiupossihle on 
ibcoount of ruptxire of the thick wliito layer. 
Rnpture of the yolk in fi'rtih' (iggs also seriously 
interfered with the recording of ilata. Tlici thick 
albumen layer was riipturtid in iiciarly all the fertile 
eggs at three days in the day-old lot and at seven 
days in the hour-old lot, when held at room tem- 
perature. The fertile eggs in the cooler had the 
thick albumen intact for about 3 days longer than 
those in the room. Under the cabiuot conditions 
the albumen index figures wore somewhat better 
than those obtained iiiidor room conditiooH. 


i 


Table IV 


Interior egg quality-'liow-oU eggs 


Period of 

Place of 

j Yolk index 

1 Albumen imiex 

j I’orcentago tliiok whit© 

storage 

storage 

irertilo 

Infertile 

Fertile 

Inferfiti 

h’(?rfci]e 

lulortile 

Fresh 


0-433 

0-433 

0- 096 

0- 103 

<;3-r) 

1 6,3-0 

3 days . . 

Cooler . 

0-386 

0-401 

0-036 

0-048 

33-8 

52-4 

Room . 

0-349 

0-330 

0-041 

0-041 

31- 1 

31-8 

7 days 

Cooler . 

0-314 

0-330 

(6) 

0-0,30 

(7) i 

0-036 , 

47-8 

,32-8 

Room . 

0-229 

1 0-234 

(1) 

0-02.3 

‘ (6) i 

0-()32 

32- 1 

.32-4 

1 0 days . 

Cooler . 

0-284 

1 

0-292 

(4) 

0-036 

(7) 

0-032 

49-6 

47-7 


Room . 

(2). 

0- 140 

0-179 


U) 

O-030 


I 46-4 

14 day« , 

Cooler . 

0-239 

0-271 

m 

0-024 

(2) 

0-034 

39-9 

42-4 


Room . 


0-165 


(1) 

0-046 


1 

40-8 
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Table V - 

Interior egg qmlity -day-old eggs 


33 


Period of 

Place of .. 

Yolk Index 1 

Albumen Index 

1 Percentage 

thick white 

storage 

' storage 








Fertile 

Infertile 

Fertile 

Infertile 

Fertile 

Infertile 

Fi’osli . . 


0-.382 

0-397 

0-056 

0-060 

48-5 

4.9-3 

:i (Jays 

( iooler . 

0- 330 

0-3.30 

0-041 

(2) 

0-041 

64- 1 

48-7 


Roo.m . 

0-257 

0-260 

0-024 

1 0-039 

49-6 

50-4 





-(7) , ; 




7 daj:-3 

Cooler . 

0-283 

, 0-264 

0-036 

0-031 

(3) 

60-7 

47-1 


.B.ooni . 


0-176 


0-034 


52-1 



(6) 


(2) i 

(5) 

(6) 


10 days . 

Cooler . 

0-264 

0-227 

0-036 

0-035 

(2) 

47-8 

44-8 


Boom . 


0-151 ^ 


0-028 


46-0 

14 days . 

Caolci' . 

(6) 


(1) 

(3) 

(5) 


0-252 

0-212 

(9) 

0- 025 

0-029 

43-6 

42-3 



Ib.om . 


0-132 




SO- 6 


N,B. I’ho qiialily Ihcloi- uLyin'-i for the fresh eggs ara the 
the figures iniii.C!fi,to the minibor of samples remaiiiirig 
avornge of 3:1 sainf)li , 

The percentage tbiclc wlnic figures indicate that 
there is a very marki'd lo^s in quality during the 
first 24 hours and thai the dci'Uiic thereafter is 
relatively slow. Thiel?: wliiio ujeasuroinents could 
not be carried out at certain stages on account of 
the rupture of the yolk. As in the case of the ah 
bumen index figures the results indicate that the 
quality of the white is not very materially im- 
proved by storing the eggs under cooler conditions. 
Summary 

Details are given in regard to the construction 
and efficiency of a simple tjqio of cabinet, wherein 
the temperature was reduced by means of eva- 
porating water. Dming the hot dry period preced- 
ing the monsoon ■when the average room tempera- 
ture was around lOO^D. and the relative humidity 
was below or around 30 per cent, the teihperature 
inside the cabinet was about 20°F. lo'wer and the 
relative liumiditj^ 30 to 40 units higher than that 
recorded in the room. Storage inside the cabinet 
proved of very material benefit in reducing shrinl?:- 
age in eggs as judged bj:' size of the air space and 
the percentage loss in weight, and. in improving 
egg quality as Judged by candling and actual 
measurement of tho interior quality. Holding 
eggs in tlse cooloi- did not vei-y materially improve 
the kficqiing Cfuality of the white as Judged by al- 
bumen index and percencage thick white. How- 
ever, eggs stored in the caliirnd maintained marked- 
ly better y(f!i< eoniidions than those held under 
room conditions, ilfaximum benefit from the 
. cabinet was obtained with fertile eggs which 
remained edib1(^ :lbr 14 days under cabinet storage. 


average of 24 sample, q. The immbers in brackets above 
fit- foi' examiaatioii. The other figures ropi’esont the 

whilst similar eggs under room conditions becam® 
inedible inside seven days on account of embry® 
develop.meiit. 

Data collected confirm the finding that the 
thickness of the egg shell does not materially in- 
fluence the rate of shrinkage in eggs. 

REFERENCES 

Bomiioii, N. L. .‘incl Prioo, E. E. (1940). Oregon Agr. Bxpt. 
Stn. Gir. 1.38 

Berloy Vyintoa (1933). U. 8. Egg and Paul. Mag. 3S9 (2 ) 

■ 40 

Canad. Poul. Rov. (1940, 1) 64 (3), 27 

(1940, 2) 64 (5) , 4 

Collopv, M. (1930). U. S. Egg and Poul. Mag. 36 (2), 42 
Doughartv, J. E. (1931). U. 8. Egg and Poul. Mag.. S’? 
(8), 9 

Herrington, B. L. and Sharp, P. I'. (1934). U. S, Egg 
and Poul. Maq. 40 (11), 37 

Jeffrov. F. P. and Darago, V. (1940). New Jersey Agr. 

Expt. St.n. Bull. No. 682 ^ 

Kennard, D. C. and Chamberlain, V. D. (1940). U. S. 

Egg. and Mag. 46, 162 ^ , 

Klein, G. T, (1940). New Eng. Poul. and N. E. Breeder 

Ma^ionald, A. J. ami Krishnan, T. S. (1942). The Ind. 

Jour, of Vet. Sc. <f:; Anim. Hush. 12, 318 
Payne, L.'F. (1934). U.S. Egg and Poul. Mag. 40 (5), 28 
Rooort on. tho Morkotiiig of Eggs in India and Burma 
(193S). Marketing series No. 9, Govenmient of India 
Press, Delhi 

Romanoff, A. L. (1937). Poul. Se. 16, 348 
Shoemaker, J. R. (1936). U. 8. Egg and Poul. Mag. 42, 
208 

SnvOer, E. (1941). Oanad. Poul. Rev., 65 (8), 3 
Tho'mpson, R. B. and Roberta, "C. A. (1940). OMa. Agr . 
Expt. Sia. Bull. No, 240 

17. S. Egg ami Poul. Mag. {lUQ). 46, 328 . 

WilholmV L. A. (1939). IT, 8. Egg and Poul. Mag. Ui 


- „.v.c. 


‘,rial vewmj.<vi.j 

(Boocivod fur p*U.-.Bton o„ 12 Jamury 19W) 
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L„X0K. somewhat 

ouloste may result torn a ‘^®”"^‘‘'““Xs*'"r^^a.il.s hares an.l ...ask ral.s. 

i.i ...a., are also, o 


Ho V oral 


cultures ofbactem tlia,t several of the 

S^:tSS w;re often co.rfuse.l with tuber- 

culosis. Ar;rn-i.il 1188:11 are cmisidered to 

Malassez and \ | . Avith FaMeu- 

ho the first ' ’rpi' ,^.y (h,scribi‘.d a dlsoase 

rdla 2).scwfZofifi^frc«io.si.s i Y amtally 

i,. a gaiuoa-l.g ‘ • lifeln. a sul,euta..oo,.s 

inoculated with nu ■ ■ < tulieroular 

nodule in the arm of a ; ,,|,„1 

meningitis. 1 » J i„atei«l of the 

tuboroiiloas to tlic m y „o„,.oid 

tuberole bacillus . = 'J 'L'liey called the 

bodies were found « ttam ^y 

disease ““S'®'!'! 4ors cVacribi'd diseases occiir- 
and 1891 sewora oI animals, parti- 

ring naturally m sweialr they were 

oularly rodents, that of Malassez 

“"fSill. TH; terms,, PBamlaWbi— , 


pheasams lu w ’ on record, 

cases of the disease ,,,,„niinto»-ed in a variety 
Sporadic cases have le . ^ - horse, 

of ether higl.or aninnds. Si^ 

oat, pig, nioi.Ucy, Roa. ;,. i.h.' high™- 

the d s«..so him J ,|,at. eveept purhaj.s 

animals, it onlv oeiVuSienal y 

ill man such animals a • . , ^ ti.o 

affceted. ' h I‘dl in nalnro iirey 

oat is due to the \ V ' ..‘j,;,,,,!,. nvonl n!’ ilie 

;:s;re:ube.u 

rp::k— ^ 
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The ease i;ib'’'i"..'^f'i'i>w™t 

purchased oil . I'lu • ' ,,„„tmuai'.v to record 

virus 1™*'^;*'"”'',.. these i'oals for some .lays 
the te.np>'ra.,..re 0 t ■ ^.,,,„.,i„mi.t. Th.. 


2Sf "^^£3 

The descriptions, eonfmion <Mnae.iate.i. 'id.e temperature. 

organisms, were madyatm Xd ncd^ietiu^ 

inthepictiirepreseiited, aM gradually on the i 7 ih day was .sub- 

’I idS 11801] had in the meantoc ^ay “U rce.m.bc.t, 


S' I 


J'y teciUed ola«“. “ ^.717 tie meantime 
Preisz and Y;® gheep, oaseous lympha- 

SS whet Ihey aiso called pscudotuher- 

“working towaris this end, Bo^ 


Post moetem vie dines 
were found in tb<^ Imigs 


iiivf .1^.1... and 
Changes were ’L, wltirgnyyiHh- 

the liver. The former w . • > b disi ribntiMl 

same microbe was respons bl^ ^ ^ 1 Jeas of congestion and eon- 

.g mass, without ..ny 

od as p'"'^”Fi''t+.ubftrculosis ovis. ^ 



iii’iG, 1. The Cooler in use 


Fig. 2. Measurement of depth of air-cell 
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Lesions in tLe liver of goat No. 374 


V.' II: BaJAGGPALAN AND H. 
the substance, with a, tendency to project above 
the surface (PlatiO IV, iig. 2). The liver was some- 
what touglicr tluin nornial. 

The 7'igbt Itiflnoy W'as enlarged. The mediasti- 
nal, porta,! and mcisenteric glands were enlarged 
but ])ros(!nted no owdence of caseation, 

it is iru[)orl,anb to note that the nodules were 
(iveady distributed throughout the substance of 
orga,us alhicted, whereas Baumann [1927] records 
that in his case the lesions were confined to the 
surface of the organs. 

Histopathology 

The most prominent and characteristic lesion 
was the formation of granulomata in the liver and 
the lungs. The histological structure and develop- 
ment of these pseudotuhercles were best appre- 
ciated in the sections of the liver. 

The youngest nodules, visible only under the 
microsGopo, were represented by focal collections, 
in tlie interstitial tissue, of mononuclear cells, 
mainly lymphatic and partly monocytic in type 
(Blade V, fig. 1). With the growth in size of these 
cellular collections, necrotic changes set in quite 
early, resulting in the loss of cell outline and marked 
by extensive karyorrhexis of the inflammatory 
cells. Old maorosGopio nodules were composed 
almost entirely of a mass of nuclear debris lying 
in a practically structureless bed surrounded 
by a narrow zone composed of morphologically 
intact polyblasts and, towards the periphery, by a 
few fibroblasts, with evidence (in the form of com- 
paratively scanty collagen tissue) of ill-defined 
encapsulation (Plate V, fig. 2). Towards the 
centre of the oldest and largest nodules were seen 
several areas which, in contrast with the surround- 
ing nuclear detritus, were completely amorphous, 
took' up the eosin stain and in all probability 
were evidence of caseation. It was also in the 
largest nodules that fibrous tis.sue formation 
was more evident. 

Giant cells were absent, while neutrophil and 
eosinophil cells were never present in. significant 
numbers. There was no evidence of club-forma- 
tion as seen in ‘actinophytotic’ granulomata. 

As a rule, the nodules were comparatively 
avascular, but iu a few large ones fair sized healthy 
looking blood vessels had persisted. It v/as 
towards the j)t'rqih(My of the nodules, however, that 
several ap])a,reutly newly-formed blood and bile 
vessels wer(^ ])r(5Hont. The surrounding paren- 
chymatous tis.sue showed ample evidence of com- 
pression. Tiie adjacent columns of liver cells were 
much distorted, and the individual liver cells 
atrophied. The sinusoidal spaces were greatly 
widened and showed a more or less generalized 
infiltration of inflammatory mononuclear cells. 
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There was also some cellular infiltration in Glisson’s 
capsule, but cirrhosis was not a prominent feature. 
Some bile ducts showed catarrhal changes and 
were denuded of epithelial lining. There wore a 
few haemorrhages, but no evidence of i^g- 
mentation. 

The pulmonary lesions presented ossentialty th© 
same features as those seen in the liver and were 
primarily of the nature of an interstitia,! pneumonia. 
Besides several well-defined granulomatous nodules 
of various sizes, the lungs showed a general con- 
gestion of blood vessels, a low grade bronchial 
catarrh, accompanied by a more or less generoJized 
cellular infiltration in the peribronchial and peri- 
vascular interstitial tissue and a catarrhal pneumo- 
nic change, and consolidation of the alveoli 
surrounding the nodules. The alveolar exudate 
was highly cellular, and as one would expect in 
pathological processes of this type, was comj)osed 
mainly of catarrhal epithelial cells and mononu- 
clear polyblasts. As in the liver, the ploymor- 
phonuclear cells were scanty, and fibrin forma- 
tion was not marked. The predominance of 
lymphocytes in the contents of the larger blood 
vessels, along with other available evidence, 
clearly indicated that these cells were primarily 
concerned in this pathological process. 

No gram-positive or acid-fast organisms were 
found- but sections- of the liver or lung stained with 
methylene blue or Leishman’s stain revealed 
numerous clusters of round and ovoid micro- 
organisms, There was no histological evidence of 
worm infestation nor were any worms or their 
developmental stages seen in the sections examined. 

Bacteriological examination 

Pure cultures of the organism were obtained 
from the spleen, liver, lungs and some of the 
enlarged lymphatic glands. 

The organism was Gram-negative, non-sporing 
and seen in films as short rods. It was non- 
motile when gro-wii at 37°C., but actively motile 
when grown at room temperature (18°C). On 
agar plates it formed bluish-grey, relatively 
opaque flat colonies, with entire edge and shining 
moist surface. In broth there was uniform turbi- 
dity, with a tendency for the growth to form thin, 
loose flakes at the surface which fell to the bottom 
on disturbing the tube. There was a powdery 
deposit, which increased in 48 hours, a,t the eost 
of the turbidity of the supernatant fluid. The 
organism formed acid but no gas from dextrose, 
maltose, mannitol and salicin. Lactose and 
sucrose were not attacked. It did not liquify 
gelatin, formed no indol, did not reduce nitrates, 
produced hydrogen sulphide, and rendered litmu 


36 Pseudotuherculosis in the Goat 


milk slightly alkaline. .It was V. P,— and M.R.+ . 
The organism is a 3)jeTnbcr ox the. PaMeiirdla 
pseudot-uhermlosid group. 

Agghitination, tests were conducted to ascertain, 
to vviiicii of ‘^chiitze’s sei-ological groujx tixo orgaiiLsin 
belonged. Typo strains belonging to groups I, 
II, III an.d IV wore included. An {uitisoruni made 
in' the rabbit ageinst Jthigoi latex!, goat straii:!. 
orga.iiisrn agglutinated li— -suspensions of the 
homologous organism and oi all the type strains 


tjxcopt the 0.110 belongii’.g to tlroup i..l.l, 0 — 

antigens .had a teiKh.tncy t(.> spx)ata.s.i,c.;>uu Hottling. 
S.!ido {iggiutintitioii tests u x!r<,j t;K>rero.rc% coiuluc-tnd. 
with 0-— antigens niado 1x0,01 u.'i;ar gi,’o\vt!is. The 
serum, ag’gliitiuated t.bo iu.miobvMUis .-udiicyn, a.nd 
among tlxo tyrie strains osiiy tliose l.!iin>!j,dug in 
group I. T.iie or'-uuiisni iKhuig,.! i.o it'l-iiiii'Afs 
stu'olfigieai groiiji 1 (’'fable L) Nti ;i,.b.sorpM«>n l.s.xst 
was flo,ne, tuid the siib-tyjst:) lia.s .not botu!, dxiter- 
mined. 


Table I 


Agglutination rmetion obtained loitk Af-l-O serum made agaimt tlis organism ohtaine.d from the goat titre 


N.' 

ser 

0. T. C. No. j 
and 

ological typo | 

Wo. 1102 1 
Gr. 1, Type 

A , 1 

No. S24- 
Gr. I, Type 

B 

No. 2476 
Gr. II, Typo 
A 

No. 17'79 
Gt. IE Tvpe j 

No. 3246 
G:r, III 

No. 3670 
Gr, IV 

Homologous 

stmiix 


‘ H * -anti- i 
gen (tube 
test) 

soo 

i 

1,600 

400 

: 

400 , 


soo 

1,600 

Antige 

‘ 0 ’ -anti- 
gen (slide 
aggliitinxition 
test) j 

-!--l f 

+ + -1- 


■ 



+ 4 H 


« == Distinct clumihig withhi out) mill uio. — «= No duinpi.ng in live iriiinitis. 


pA'WlbGBS'IOl'rY T,]!5ST.S 

A broth oiilture of tluv organism was injected 
intravenously at a dose of 0‘2 c-i-u into a rabbit. 
The animal died six days later and .revealed on 
autopsy lesions resemblmg tho.su of miliary tuber- 
culosis, chiefly in the iimg, liver and sjileen,. 
Pasteurdla psetiilokibenyulosis uws re-isolated in 
pure culture from the affected organs. 

Another rabhit was uiufor immunj'/a,ti(,ni sviiSi 
carbolized cultures of t’le organism for the pro- 
duction of agglutinating serum. After a course 
of 12 injections, the animal received a dose of 
0*3 c.c. of living hrotli culture and died six days 
later. On autopsy, if; revealtd lesions similar to 
those of the fix-fit rabbit, sa,ve that in this case the 
liver was more extensively involved than the 
lungs and the spleen. 

Four goxits >vero inlectcd, two by the subcuta- 
neous moculatiou of 1-0 c.c. of an 18-hours 
broth culture ar.d tc’o by an. intranasal spray of the 
same amount of xailture. The goa<ts died of 
pneumonia at intervals ranging from eight to 
20 days. Post mortem examination revealed on 


other' abnormality th.-tu coiisnlids.tion, of the 
greatei." piM't oi the anterior iolies of (ilm iuug.s. 
Mo nodulo.s were .sx-eu fj>y the nakeii eye, iuit 
soetions revc-aled the }iroHen«-e of early jioduk)fi 
evidonex'd by the ;xceiihiulu.i ixm ul’ lymphoid 
exjlis, PaslmnrJJa ^mciidolfthcfTN/o.sio woy- I'c-i.soiated 
Irom t’ne s'pleen and the x-oiiMohdate-d portions of 
the hmgs. 

. S'0.M:M,A"tiY 

A (.leseription is given of a. ea.so x»f pseuxiot.nlKir- 
culosis in. a goa.t whieli a.ppeu.rs t.-o be the second 
ea.sa so far rx'jiorted in this speeivS. Tiio .symptuxns, 
gross niorbixi xiuatomy irn,xl histojiathology of the 
condition are di'scribed. Tlu^ ea,usai orgmiism was 
ideixtififid u.s Ptislr-ureUa pseiulohibercttlosh, grouji 
I (Schutzt)). 

RE'FEBENCES 

Baiuvumu, .R. (1927). Si. hiphtur. Jlamtinr. 31, 141 
MiiJaMse/,, (j. and ViguaJ, \V. (iss:!). Arch Ohytiiol. Norm. 

Falh. 2, tU»9 {Or!',’;ii,uii uoi hocu) 

Preisz, H. (.ISSM). Ann. .hiJ. Ihtr.imr 8, '29 1 
and (luiiuu-d, (1891). J.Mvd. Uol. 42, 563 



Miniimun cc 

mcentration 

Dye 

A 

la ordinary light 

B 

In artifleial light 

Edicol erythrosine 

O' 012 per cent 
(gw./lOO lul,) 

O' 003 per cent 
(gin./lOO ml.) 

Eosinc .... 

0 '003 per cent- 

O' 0008 Percent 


(gin .. '100 mi.) 

(gm./lOO ml.) 

Congo red . . 

O' 006 per cent 
(gni./lOO ml.) 

O' 00 15 percent 
(gm./lOO ml.) 

Cochineal extract 

0-3 (nil./lOO ml.) 

,0'04 (ml./lOO ml) 

Beetroot extract 

1-2 (inl./100 mi.) 

0'60 (ml./iOoml.) 


COLOURING SEPARATED MILK TO PREVENT ITS USE FOR 
ADULTERATING WHOLE MTT.tc 

By D. II. Kashyjij?, Nosmii N. Dastub and Zal E. Kothavabla, Imperial Dun y Departnieiit, 

Bangalore 

(Received for publication on 17 May 1943) 

(With two text-flguies) 

Milk obtained from Indian cows and buffaloes Table I 

is rich in fat. The usual legal limits prescribed 

for fat in most of the provinces are very low. Concentration of dyes 

This provides a great scope for practising adul- — — — : — - 

teration by the simple manipulation of fat content Miaiimun concentration 

and specific gravity. When separated milk is " — ^ — — — 

added even the chemical tests may fail. ' Under a ® 

these circumstances a consumer is hardly able to . la ordinary ligiit in artificial Ught 

judge the cpiality of his milk supply. 

It is, therefore, proposed that all the separated Edicoi erythrosino . . 0^2 per cent 7oo3 p«r cent 

milk to be consumed in urban centres should be (gw./ioo mi,) (gm./ioo mi.) 

distinctly coloured, so that even when small Eosinc . . . , o - 003 per cem o-ooos percent 

cpiantities of colouring matter are added to milk, ' (gin..'ioo mi.) (gm./ioo ml.) 

its presence can be detected visually. For this the Congo red . . , 0;006 per cent o;ooi5 per cent 

colour chosen must naturally be attractive, and (gm./ioo m .) 

it is thought that a .light pink colour will best Cochineal extract . . 0-3(ml./100 mi.) ,0‘04 (ml./l00ml.) 

serve this purpose. S.imilar devices have been Beetroot extract . . 1-2 (mi./ioo mi.) o-60 (mi./icomi.) 

employed in other countries in the past to — — — — — — ‘ 

encourage milk drinking habits among Physical 'properties of coloured separated milk. 
school chili^ren. The effects of various conditions on the coloured 

The following study was carried out to find a separated milk, which are likely to be encountered 
suitable dye and to examine its stability under under marketing conditions, were examined, 
trade conditions. («) Taste of coloured separated milk. Samples of 

Selection of dyes. Observations were made with separated milk were prepared for each dye, using 
{i) Edicol erythrosine, (u) eosine, {Hi) eongored, the concentration mentioned above in column A. 
{iv) cochineal extract and ('a) beetroot extract. A control uncoloured sample was also kept for 
All these colours are soluble in water. comparison. Judging for taste and flavour was 

Tho cochineal extract used in the present experi- “"“‘I, out independently by several persons at 
ments was one made by Messrs J. N. Nichols k 

Co. Ltd., Manchester. Unable II. The use of the first four dyes listed 

The beetroot extract was obtained by pulping 

raw beetroots without any addition rf watei? milk and Ulus improve its taste. Beetroot extract 
The extract was filtered and preserved in cold on the other hand imparts a foreign flavour, pos- 
, , ^ sibly due to the large concentration in which it 

^ was used. 

Safrauine was also found to impart the desired . 

colour to milk, but it is known to be poisonous (&) Effect of exposure to sunlight. Samples of 
and hence no further trials were carried out. coloured separseted m i lk wore kept in direct sun- 

Concentration of dyes. The minimum concen- light, together with the control for six hours. It 
tration of dyes to be used for colouring separated was found that there was no change in the quality 
milk is shown in Table I. Such concentrations of treated samples as compared to the control, 
are sufficient to permit visual detection of mixtures All the coloured samples retained their original 
of as little as 5 per cent coloured separated milk colour. This was judged by comparing the colour 
with whole milk. with a similar lot which was kept in the dark. 
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Physical properties of coloured separated milk. 
The efiects of various conditions on the coloured 
separated milk, which are likely to be encountered 
under marketing conditions, were examined. 

{a) Taste of coloured separated milk. Samples of 
separated milk were prepared for each dye, using 
the concentration mentioned above in column A. 
A control uncoloured sample was also kept for 
comparison. Judging for taste and flavour was 
carried out independently by several persons at . 
intervals. The average results are shown in 
Table II, The use , of the first four dyes listed 
above seems to mask the raw, normal flavour of 
milk and thus improve its taste. Beetroot extract 
on the other hand imparts a foreign flavour, pos- 
sibly due to the large concentration in which it 
was used. 

(6) Effect of exposure to sunlight. Samples of 
coloured separa,ted milk wore kept in direct sun- 
light, together with the control for six hours. It 
was found that there was no change in the quality 
of treated samples as compared to the control. 
All the coloured samples retained their original 
colour. This was judged by comparing the colour 
with a similar lot which was kept in the dark. 
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Colouring Separated Milk 

Table II 

Effects of dyes on the flavour and taste of separated milk 
I Average score 


Particulars of sample 

0 

hour 

2 

hours 

4 

hour.s 

c 

hours 

7 

liours* 

Control sample ... 

Colom'ed with Edicol erythrosine . . . . 

Coloured with eosine 

Coloured with congo red . . . . . . i 

Coloured with cochineal extract ..... 

Coloured with beetroot extract. ..... 

+ + 

+ + + 

+ + + 

+ + + 
4-4' + 

+ 

+ + 

+ + + 

+ + + 

+ + + 

+ + + 

+ 

+ + 

+ '1- + 

+ + + 

+ + + 

+ 4" 4- 
+ 

+ + 

+ + + 

+ 4" 4“ 
+++ 
+++ 

+ 

+ + 

+ + + 

+ + + 

+ + + 

+ + + 

,p 


(c) Effect of storage at room temperature. Sam- 
ples of separated milk coloured with eosiuo, conga 
red, beetroot extract and cochineal extract were 
not found to fade or give any precipitate when 
stored till they curdled. 

Edicol erythrosine showed a noticeable tendency 
to precipitate out, after standing over lour hours. 

(d) Effect of storage under refrigeralion. Sa.m- 
ples of separated milk coloured with cosine, 
Congo red and cochineal extract preserved tlieir 
freshness and colour when stored for 24 hours at 
46°!'. 

The sample coloured with Edicol erythrosine 
gave a precipitate, as also the one coloured with 
beetroot extract. In the latter case tlic colour 
of the precipitate was dirty white. 

(e) Effect of boiling. When first brought to 


a boil the sainpUvs colour<‘d with cosine a.ud Edicd’* 
erythro.sino showed no ciiangi^ 

In the cas(^ of (iOiigo rod, thti colour Ix’sejutKi more. 
intens(», wluireas that of cochin, ea.i (,^xtr:i,ct fadcrl 
slightly .and tixat of hec'troot exlriWit I'adtHi 
markedly. 

(/) (Jsv- of coloured milk for ituikhuj curd. I’luu’e 
was no (lili'enMUio in tlu‘- iif)p')ara,iic.e and (lavour 
of curd ol)tain<id from tlio control sample Uind tlioso 
Iroiii the eoloiired samples. 

(<;) Effect of storing coloured milk in different 
containers. Coloured and uneoloured s.ainplt^s wore 
stored .simultaneously iji coutain,(U‘.s m.ajle of dillnr- 
ont material and te'stijd for llavour at intiwvals 
of two hour.s ovtu’ a period of tu'giit h<»urs by 
diffcnmt judges imhiptmdeutly. ’’The siverage score 
i.s shown iii liable 1.1,1 . 


Table H.I 


Effect of storing m ilk in differcMt types of coiitaine.rs 


Dyo used 


Containers used 

I .'Edicol orythi'osinoj 

1 ,'Eosino I 

j Congo rod 

j Coclu'noal oxfcracfc 

1 Eootroot extract 


Control 

Coloxired 

Control j 

Coloured 

Control 

1 

Coloured 

Control 

Coloured 

Control 

jcolo'ured 

Glass bottles . 

+ + 

+ -t-h 

+ + 

+ + + 

+ + 

+ + 

+ -b 

-b -b 

+ + 


Tinned steel cans 

+ + 

4" 'f- + 

+ -I- 

+ + + 

+ + 

-h + 

+ + 

+ -b 

+ -b 

-b 

Aluminium cans 

+ H- 

++ + 

+ -1- 

+ + H- 

HH- 

+ + 

+ + 

+ + 

-b-b 

“b 

Kallaied lamm cans , 

+ + 

+ + + 

+ + 

+ + + 

+ + 

4- -j- 

+ 4- 

'b + 

+ + 

+ 


Detection of adulteration of genuine milk with 
coloured separated milk. Wlien separated milk 
coloured with various dyes, in the concentrations 
indicated in column A, Table I, was mixed with 
cow or buffalo milk, adulteration could bo easily 
detected by sight to the extent of five ]:)cr cent and 
more. With lower concentrations of the dye the 
indication was not so definite. 

The sensitivity of the test can, however, be 


greatly increased by examining the sample in 
artificial light. For this purposes, tlui (hsvice shown 
in Fig. 1 is used. It consists of a wooden, box 
with two holes. The .sides of tiie.s<‘. hole.s are 
covered with rubber wa,shcr. ITndtU' eaeli of tiuj 
holes there is an electric bulb (lOVV). On one 
hole a control sample of milk contained in a glass 
vessel is placed, wdiile over iho other oiu*. is plae.ed 
a sample that is suspected to contain coloured 
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Device for detecting coloured separated milk 


sGj)arated milk. When the lights are switched on, 
tiu! adulterated samples appear distinctly red, 
while the unadulterated samples’ show only a 
white colour. By the help of this simple device 
the amount of dye actually required for colour- 
ing separated milk is very small in each case and 
corresponds to the quantities given under column 
B in Table I. 


The sensitivity of the test varies with the inten- 
sity of artificial light. A 40 W bulb was found 
suitable. It was found that a light Blue coloured 
(day-light lamp) bulb was preferable to a plain 
one. 

On a field scale when an electric supply is not 
always available, ordinary torch cells with a tiny 
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blue biilb may be used. The bulb is dipped direct- then dipped in the milk container. Tliis is illus- 
iy in the imlk or is placed in a test-tube, which is trated in Figs. II (A) and. II (E). 



pio. 2. Field outfit for detecting pmsonco of coloured separated milk 


Summary 

To prevent tlie adulteration of milk with 
separated milk, colouring of the latter to a pinlc 
colour is suggested. Bkir this purpose cosine, 
eongo-red, Edioeol ;erythrosine, cochineal extract 
and beetroot extract were tried. Coloured milks 
were studied under various conditions likely to be 
encountered by the ti.'ade. The.se studies show^ 
that eosiiie and congored are the most suitable 


dyes. Next to thcni come erythroHiue /iml cm-hb 
noal extract. Beetroot extract is not snil;ibl<^, a^ 
it imparts an objectionable^ tlaYour to ilio (oloured 
milln 

A ahnplo device is doserihed for vi.nn'fu-' tlie 
samples of milk adulterated wif.h c* »h in red se oa- 
trated nii Ik under artificial light. By us</ of 
this apparatus the con cent rut iim of dyes to be 
u.sed is greatly reduced, and it is still possible 
to dete(.'.t as little as 5 per cent) adulttu*ation. 


INVESTIGATIONS ON FAMINE RATIONS FOR LIVESTOCK 

I. MUNJ AND MOLASSES AS FAMINE RATIONS 

By Nabaiu Das Keki.r, M.So., Sc.D., Animal Nutrition Section, Imperial Veterinary Research 

Institute,Izatnagar 

(.Received for publication on 4' Juno 1943) 

(With Plato VI and two text-figures) 

The irregularity of rainfall in certain tracts of 
India is solely responsible for periodic famines. 


In examining the fodder resources of the eountry 
lor the cattle population, Wright [1987] has arri ved 


and the question of feeding stock during these arri ved 

tijneBisof p.aramonat importance. ” approjfunate figures which are given in Table . I. 
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PLATE V 


Zone of intact polyblasts 
Compressed liver cells at the junction 
of healthy and diseased tissue 
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blieep, goats avid camels appear liappy as compared with cattle and see in able to 
subsist oil the flora available in the xerophytic areas. 

The last few leaves on Kikar being lopped for feeding hungry livestock. 

Typically xerophytic plants which are either toxic or beoir tough tho rns are tho only 
survivors in the sunburnt overgrazed 


areas. 
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Table I 

Total available feeding stiiffs (in 1,000 tons) 
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1 Calculated untiients ] 


Source of feeding 
, stulTa 

Avail- 

able 

quantity 

Diges- 

tible 

crude 

protein 

Digestible 

carbohy- 

drate 

Digest- 

ible 

fat 

Total 

digestible 

nutrients 

Dry fodder 

Oreen fodder . 
Concentrates 
Cotton seed 

1,11.000 

1,00,000 

1,500 

2,300 

i;oio 

1,000 

460 

300 

34,580 

10,000 

®375 

690 

883 
250 
160 
367 i 

36.480 

11,662 

1,163 

1,818 


If we calculate the amount of nutrients availahle 
per head of cattle (Table II) and compare it with 
the normal food requirements of an adult animal 
weighing 500 lb., leaving aside the growth and 
production allowances, it will be recognized that, 
even under normal conditions, the supply of food 
falls short of their requirements. 

Table II 

Foodstu ffs available per head of cattle 



Available 
in India 
in tons 

Available 
per animal 
per day for 
216 million 
heads of 
cattle 

In lb. 

Normal 
require- 
ment for 
an animal 
of 600 lb, 
body 
weight 
in lb. 

Total digestible nutrients 

6,10,13,000 

1-460 

3-9 

Total digestible crude protein 
r Dry fodder 

Dry matter Green fodder 

27,00.000 

11,10,00,000 

0-079 

3 171 

0-3 

10,0 1,00,000 

0-55 [8-S8 

10-0 to 

L Concentrates 

38,00,000 

0-llJ 

11-0 


It has, however, been pointed out by Wright 
[1937] that the total available nutrients may be 
sufficient to meet the requii’ements of milk produc- 
tion alone, assuming for the moment that the re- 
' quirements for the growing stock and for working 
cattle will be met from grazing, tree fodders and 
from other miscellaneous sources. Wright also 
observes that underfeeding is apparent from the 
slow rate of growth, the late maturity and the long 
dry periods. It is quite usual for a cow to drop 
her first calf at four to five years of age and to have 
calving intervals up to 600 days. That these are 
not hereditary defects is proved by early maturity 
and controlled breeding experiments in herds where 
the feeding and management are satisfactory. 

The above observations, therefore, suggest that, 
• even under conditions where rainfall is within 
■r;' ’ normal range, the feeds available for livestock 
^ from all sources so far known are just on the bor- 
der-line of sufficiency. Scarcity, however, is 
immediately felt if the monsoon fails. During the 
last century there were about ten drought periods, 
some of great severity. The recent famine (1937- 
40) which aflocted iSind, Rajputana and the south- 
.^^estcrn Punjab is said to have been the severest 


within living memory, and to have caused very 
heavy mortality from disease as -well as from 
starvation and thirst [Chandra, 1939]. 

^Moreover, the shortage of water resulted in a 
complete failure of fodder and crops, so that most 
of the good cattle of the locality had to be sent 
away to other places, sold at such ridiculously low 
prices as 8 annas per cow (personal communica- 
tions). [Chandra 1939 A, and B] reported the 
death of a large number of cattle en route to the 
grazing areas of the United Provinces, due to 
cold or to the inferior and unsuitable grazing in the 
jungles. It was reported that about four lakhs of 
cattle died in Karachi district alone. According 
to information supplied by the Marketing Officer, 
Sind (personal communication) there were approxi- 
mately 5,61,000 cattle before the famine in the 
Thar Division of the Tharparkar district. By May 
1940, when the famine was still raging, about 
2,69,000 of these had died, 1,17,000 were exported 
and 10,000 sold. In the affected areas of the 
Bohtak district, the cattle population decreased by 
30 to 60 per cent. Sheep and camels were com. 
paratively in a happier position, as they can 
subsist on the flora available in the xerophytio 
areas (Plate VI, figs. 1 and 2). The effect of this 
famine on the livestock in the Hissar district , is 
shown in Table III, where the census figures of 
1935 are compared with those of 1940. 

The scarcity of draught animals was so acute 
that the poor cultivator, whose bullocks had died 
of starvation, had to yoke his wife and children 
to the plough. 

The remaining animals also manifested defi- 
ciency diseases, especially these due to lack of 
vitamin A, such as night blindness, xerophthal- 
mia, abortion, retained placenta and calf scours. 
Most of the survivors which were hidebound deve- 
loped depraved appetite. Besides, the calf and 
lamb crop, the carrying capacity and the milk 
production were reduced. 

The question then of keeping these animals 
alive during these lean periods is one of vital in- 
terest to animal nutrition workers whose duty it 
is to find new sources of fodder, which may be 
exploited for this purpose. 

Bxpeeimental 
Methods and material 

During a visit to the famine-striken areas it 
occurred to the writer that it might be possible in 
an emergency to utilize factory or agricultural by- 
products or even weeds found either around these 
areas or within easy reach as rations lor livestock. 
Other suggested famine fodders were xerophytio 
shrubs such as Zyziphus nummularia, W. and A. 
(shrub berry), Launaea nudicaulis Eh. f. {ghobU 
grass), Tamarix articulata Vahl (loi), Alhagi came- 
lorum Fisch. fhandrari), Gapparis aphylla Roth, 
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(dela), Cassia lanceolata Wall, (dhaheyi), Farsetia 
hamiltonii Royle. (lotia grass), Prosopis pubescens ■; 
Beiith. (debi), Prosopis specigera (khejari), Salvadors 
persica Limi. (jar), Tribulus terrestris Linn. (Bakra) 
Yucca elata (soap weed), Yucca macrocwpa (Spa- 
nish dagger). Yucca glauca (Bear grass), Opuntia 
(prickly paav), Opuntia Spp. (spineless 
captns), Euphorbia nerifoUa, Salsola foetida, Euch- 
laema mexicana, Sotol, Old man’s salt bush etc., 
and trees like Zizyphus gujuba {b&r), Dalbei'gia sisoo 
^ {shisham), Ficus religiosa {pipal), Melia azadiaechta 
Linn, {nemi), Acacia arabica (kikar), Grewia oppo- 
sitfolia (pastawunah), Morus alba (mulbeny) Bauhi- 
^ nia variagata {kachiar), Adina cordifloria (haMu), 
which are commonly found in arid and semi-arid 
areas. 

Many of these are actually fed by the people to 
livestock during famine, a fact borne out by nume- 
rous trees lopped to stumps (Plate VI, fig. 3). In- 
deed little except jjoisonous or thorny plants is 
allowed to remain in the sun-scorched pasture 
areas (Plate VI, figs. 4 and 5). No systematic work 
has, however, been carriid out on these littie-knowi 
JL,. fodders. The present work was undertaken to 
find out sji^stematicaily and scientifically some 
sources of readily available ‘ famine fodders ’ 
which, when fed over prolonged periods, would not 
produce a deleterious effect. In the course of 
these investigations, the possibilities of feeding 
munj, leans, groundnut husk, bajra husk, rice hulls 
and molasses have been considered. Their chemi- 
; cal composition as compared with that of wheat 
: ■'* bhusa is shown in Table IV. 

The present article, the first of the series, deals 
with the possibility of using munj and molasses as 
feeds during periods of scarcity. 

MUNJ and molasses 

^ ^ Munj (Saooharum Munja Roxb.). Since munj 
is available in yery large quantities, attention 
was first directed to its possible utilization as 
a feed. This was done in spite of the fact that 
Bor [1941] considered it of little or no value as a 
fodder grass ; moreover it is very rough with 
, tough serrated leaves. Munj grows wild over 
millions of acres and,except that its young 
shoots are indifferently browsed upon by animals 
for variety and a fraction of its total produce 
used for thatching huts, most of it is disposed of 
by biu’ning when mature. 

This |)lant shows marked xerophylous adapta- 
I tioji.s. Although it attains its maximum develop- 
ment iti moist land, it thrives in typically xerophy- 
• lous locjilities as Avell [Blatter and KeCann, 1935]. 
Boj' [1941] pointed out that it could grow on the 
driest of soils, though in such places as the RaJ- 
putana dc'sert its growth was stunted. 

Molasses. As grain is available only to a frac- 
tion of the cattle poprdation even in normal times. 


the possibility of providing an adequate supply in 
times of total or partial crop failure is out of 
question. A search for a cheap source of car- 
bohydrate suggested the possible use of molasses, 
which is the chief ’ by-product of the cane sugar 
industry. According to Moiaison [1937J, Snell 
and Taggart [1933], cane molasses is palatable and 
is relished by stock. It contains 55 to 65 lb. of 
total digestible nutrients per 100 lb. which is about 
70 per cent of what is supplied by corn grain. 

With the rapid development of the sugar indus- 
try, the amiual outturn of molasses by various 
factories is estimated to be well over 6,00,000 tons. 
Only a small fraction of this can be utilized and the 
disposal of the remainder is an embarrassiug pro- 
blem for factory owners. The fermentable nature 
of molasses on dilution and the nuisance that it 
causes when thrown into open pits require its 
immediate disposal. 

Several samples of mollasses obtained from 
different factories gave the following average 
values on analysis : 

CaO PaO. S 


Dry 

matter 


Total Crude 
ash protein 
6-10 8-27 1-74 


It may be pointed out that in the process of 
sugar manufactm’e, the Juice is clarified and puri- 
fied with lime and sulj)hur dioxide. The residual 
syrup, after the grains of sugar have been separated 
by a centrifuge, contains, in addition to about 65 
per cent of sugars, fairly large quantities of calcium 
oxide and sulphur, which require adjustment for 
long feeding trials. 

Feeding expebiments 
Feeding trials, which were made as comparable 
with field conditions as possible, were conducted 
on eight adult healthy hill bulls. The 7nunj and 
molasses ration, which was poor in protein and 
high in calcium, was supplemented with mustard 
cake and wheat bran, and tried for (1) their palati- 
bility, and (2) their effect on the health of the ani- 
mals. Before feeding the mU7ij was chopped, 
beaten with sticks to remove the adhering dust and 
moistened with water a few hours before it was 
given to the animals. The extent of moistening 
was so adjusted that it did not prick when pressed 
between the hands. At this stage it contained 
about 40 per cent moistm’e. This moistened 
material was then placed in the manger, and mixed 
well with cake and bran which had been soaked 
previously in water. Molasses mixed in equal 
proportions with water was sprinkled over this 
mixture and the whole mass stirred up thoroughly. 
In addition to the above, salt licks ad Uh were 
supplied and 1 to 2 lb. of green tree leaves were 
given twice a week to provide carotene, since 
avitaminosis A is one of the chief deficiencies 
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in famine conditions. The carotene content 6i shisliam, hilcar, her, 
some of the common trees is given in Table V, 

Table V 

Carotene content per leg. dry matter 



mg. 

D ry 

ma ter 
(per cent) 

Jhar beri loaves . 

196-3 

25-60 

Slmham leaves 

156-1 

23-85 

Neem leaves . . . 

103-6 

22-20 

Ber leaves .... 

386-4 

26-6 

Pipal leaves .... 

'80-8< 

29-7 

BaUil loaves .... 

133-4 j 

42-3 

Dub grass 

350-0 

16-0 

Dub grass roots 

1-2 

60-8 


Further observations on the chemical composi- 
tion of some of the tree leaves (Table VI), e.g. 

Table VI 

Percentage composition on dry basis 


neem, pipal, 
mulberry, hachnar and halclu, indicated that in 
addition to being sources of carotene, they 
are moderately rich in protein and can, therefore 
if available in sunicient quantities in the 
famine areas, replace cake, thus rcdiuu’ng feeding 
costs. 

The following adjusted ration wa,s bnl to ardmals 
weighing 500 lb. 

Mtmj . . . 

„ I 1 JI). loavHS or 

1 „ grass or roots of 
1 „ grass tvyiee a week. 
ad lib. j 

This ration provided approximately O’o76 lb. 
digestible crude protein and 3 • 46 lb. starch equiva- 
lent and tlma compared favourably with the nor- 
mal requmement. 


Mustard cake 
Wheat bran 
Salt . 


Tree loaves 

Total 

ash 

Crude 
protein 1 

Fibx-e 

N. F. 
oxtraet 

Crud(X 
fat ' 

CaO 

PaOg 

Ealdu (Adina cordifloria,) 

7- 

93 

15' 

26 

12‘ 

■26 

60- 

19 

3 

9.‘{ 

2' 

-41 

0 

-26 

Kaohnar (Bauhinid Varigata) 

8- 

64 

13- 

15 

29- 

■37 

46- 

■82 

2 

12 

3 

•40 

{)• 

•42 

Mulberry (ilforiM il^6a) 

. 3- 

80 

13- 

99 

15 

■71 

49- 

■70 

6 

80 

2' 

•74 

O' 

■45 

PoiStawunah {Grexoia Oppoaitfolia) 

14- 

90 

16 • 

37 

16- 

■68 

4,3- 

■77 

8 

38 

: 6' 

00 

6- 

■ 86 

14- 

16 

10- 

12 

14- 

09 

54- 

81 

1 . 6 

82 

O' 

■68 

0- 

'67 

Ber {Zizgphus Jxiguba) 

10- 

36 

12- 

■80 

11- 

■67 

60- 

•16 

1 1 

99 

4' 

-12 

O' 

•39 

Neem {Melia AzadiaecMa) , 

11- 

■67 

15- 

31 

13- 

■78 

58' 

■47 

' 3 

21 

4' 

•86 

0- 

‘47 

Pipal {Ficua Eeligiosa) . 

14- 

■65 

13' 

68 

21- 

■ 56 

47- 

32 

2 

68 

6- 

'37 

0- 

■45 

SMaham {Delbmjia sisoo) , . 

9- 

12 

16- 

27 

22- 

63 

49- 

78 

2 

98 

■ 3- 

22 

0- 

■37 

Faker {Fiem Xnfedoria) . . 

1 

12- 

62 

10- 

90 

23- 

97 

63- 

06 

2 

14 

2- 

09 

0- 

■41 


Results and discussion 

{a) Ohsermtimis on adnlt animals 


for 12 days, so that before they started on ib© 
experimental diet their condition approximated 



Fis, 1, Weight of adult bulls on WM«y-molasses ration 
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They were then fed the ?»,wy-molasses ration. All 
the animals relished the ration after acquiring a 
taste for it, and within 20 days of the commence- 
ment of this feed not only did they regain their 
lost weight but put on 15 to 20 lb. more than their 
original weight which had been at a stationary 
level on a normal scheduled ration. During the 
next 20 days the animals did not gain in weight 
at the same rate as in the first three weeks on 
account of a severe cold wave. To prevent its 
being eaten at night, the animals were not provided 
with bedding. However, as soon as the cold wave, 
was over, the animals again started putting on 
weight till they reached a peak of about 30 lb. 
more than their original weight, or 65 lb. more than 
their weight before they started on the experi- 
mental ration. At this stage the animals looked 
healthy and their coats were soft. Two more hUl 
bulls, one and two, were added to this group 52 
days after the commencement of the experiment. 
In tlieir case the period on half-feed was dispensed 
with. Though they did not like the new ration to 
begin with, they soon acquired a taste for it, ate all 
they were given and gained in weight. 

In view of the fact that when famine conditions 
are improved at the onset of the rains, and the 
animals are given work, these animals were sent 
out to work on the Institute farm for two to four 
hours daily. They showed an initial decrease of 5 
to 10 lb. in body weight, but later the body weight 
remained stationary. 


- After about 100 days of feeding on this dry 
roughage, the animals showed indications of night 
blindness. Oonaequently, 2 lb. per head of sTiisJiam 
ov pipal or her, leaves were included in their ration 
once a week. The eyesight of the animals improv- 
ed and there was no recurrence of this condition. 

In order to study the effect of weather on the 
continuous feeding of such a crude roughage as 
munj and molasses, especially in view of the fact 
that there is some prejudice against the prolonged 
use of the latter in summer [Labh Singh and 
Ghambhir Singh 1935], this feeding experiment Avas 
continued firom 1 January to 10 August 1940 
covering the winter, summer and monsoon seasons. 
During the entire course of this period the animals 
showed no signs of ill-health. Sexual appetite, 
however, became prominent in May and June. 

When these animals had been on this ration for 
about two mouths, a metabolism experiment was 
conducted to investigate the digestibility and 
nutritive value of munj. These observations were 
carried out on hill bulls one, seven and eight 
weighing 248, 264 and 264 lb. respectively at the 
beginning of the experiment. The experiment 
lasted 10 days dm-ing which period accurately 
weighed foodstuffs were fed and the residue left 
after 24 hours was deducted from the total amount 
offered to find the net quantity consumed. The 
faeces were collected daily for 10 days and weighed. 
At the end of this period samples of foodstuffs 
and faeces were analysed. The results are 
in Table VII. 


Table VII 

Chemical composition (on dry basis) 


Wheat 

bran 

Munj 

Rape 

eako 

Molasso.g 

Faeces 

H. B. 1 

Faeces 

H. B. 7 

0-423 

6-838 

7-861 

13-070 

12-860 

12-090 

10-694 

2-916 

33-025 

2-723 

5-316 

5-189 

2-731 

1-633 

16-440 


1-770 

1-770 

17-520 

41 --230 

9-340 


32-340 

32-590 

59-632 

: 47-483 

33-334 

84-207 

47-714 

48-361 


Ash 

, Crude protein . 
Ether extract . 

Fibre . 

Witrogeu-freo oxtraot . 


It wa.s observed- that the protein digestion of 
ntimj is negative, and ether extract and total car- 
l)ohydrates are digested to the extent of 16-31 
and 30-69 per cent re.spectively. The digestible 
niitrien is are given in Table VIII. 


Table VIII 

Digestible nutrients per 100 lb. of munj 



Caihohy- 

Ether 

Grade protein 

dratoa 

extract . 


I 27-2.3 

0-26 1 


starch 

equiva- 

lent. 
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Since the <1 igostihilit}'- values for molassesy 
wheat })i‘an and ra];)e cake used for calculating the 
dig<!stible nutrients of 'unmj are obtained from the 
observations of Morrison | Ht‘17], it is I'oasonable to 
consider these values as lu'ar ajjproxiinatioiis. It 
is, however, o]>vious from the data, as Avas also 
indicuit('d by the ehemical analysis, that vimi^ is 
not a maintenance roughage and adequate })rovi- 
sion of protein and ea rbohydrat(i is necessary. 

From this feeding trial, Avhicli (tovered almost all 
the seasons of the year, it AA'as observed that not 
only did the animal's maintain good health all along 
but gained an average w-oight of about 40 Ih. 
(Fig. ]) in spite of being given a certain amount of 
AAWk. 

(Z>) Observations on growing animals 

Wheji a ration is recommended for general use 
it is not in practice ftid only to adult stock ])ut t,o 
stock of all ages. 

An exjK'riment similar to that eouduehid u])on 
hill bulbs was, thci’efore, carried out on calves t,o 
stmly the effect of this poor roughage on groAving 
animals. Eight Hariana bull calv(‘s of four to six 
months of age from the Institute dairy vAau'o divided 
into four groups of tAvo each. ’'Fho lirst group Avas 
fed on the basal ration consisting of maaj , mola^sses, 
Avheat bran and ra])e cake ; the second on tlui basal 
ration ^ lb. each of and her heaves ; the 
third on the hasal ration pins grass roots (as in the 
famine area Avhere tree leaves arc not available, 
grass roots are fed) ; and the fourth on a normal 
dairy ration. 

The calves were divided into these groups on the 
basis of age and weight. The starting Aveight was 
taken as the average of four days’ body Aveight. 

The basal ration consisted of : 

Munf . . . . . . 7 Ib. 

Molasses , . . . , . 3 „ 

Mustard cako 21 „ 

Wheat brail . . . . , 2 „ 

Salt , . . , . . . adlib. 


The normal ration as fed to dairy calves con- 


sisted of : 

Greou fodder 20 lb. 

Dry roughage . . . . . 8 „ 

^Conoontrates . . . . .4,, 

Salt . . ' , . . , . 1 oz. 

Mineral mixtiu’e . . . . . 1,, 

Per cent 

^Wheat bran. . . . , , 40 

Gram husk ... . . 20 

Groundnut cako ..... 20 

Rape cake . . . ... . 10 

Gram, chnni , . . , . 10 


These calves Avere Aveighed daily before any feed 
was offered to them. They Avere given about a 
couple of hours’ exercise, after which they were 
allowed to remain in the paddock for as long a 
period as Aveatlicr permitted. The animals were 
muzzled when they went out of the stalls. 


Feeding trials start<Kl on I iScqitcmber 1940. 
They AA^ere offered a rciduced ration for nine days 
and then fed on the experiuumtal j-aiion. i^’or the 
first ten days the animals did not apfjarently relish 
the ration as is cvidiait. fi'otn (Fig- -) indicating; 



Kiu. 2. Growth of tiiilvos on //iind"mola.'.KCH mlion 
loss in weight. They left II to 5 lb. j*(‘sidii(‘. Tliese 
animals toolc a little longer than the adult, cattle to 
take to this dietj as was to be oxpoeted because 
prior to being put on tliis ration they Avert' fed a 
rich and palatable ration which included succulent 
roughage and grazing. Nevertheless, the- control 
group did not shoAv any increase in weight for the 
first few days, probably because of their new sur- 
roundings and the absence of grazing. 

Mwng proved most palatable to the animals when 
chopped, beaten to remove dust and moistened for 
about 24 hours. On moistening 7 lb. of dry mmi§ 
Avould Aveigh about 11 lb. Molasses was mixed 
Avith rape cake soaked overnight in water in Avinter 
or about four hours in summer. This concentrate 
was thoroughly mixed Avith the roughage, and 
wheat bran Avas spread on the surface and lightly 
mixed. 

The feeding observations AA'^ore carried out for 90 
days from the 1 Scjitombor to 29 November 1940. 
The relative gain in Avcight by difibrent groups of 
calves is given in Table iX and the rate of groAvth 
is indicated in Fig. 2. 

; It Avill be observed that by the c'ud of 81 days 
under trial, groups I, IF and III gained in Aveight 
respectively 50-9, 70 ’03 and 59 -4 per cent of the 



No. of 
calf 


Date 

of 

birth 


Live- 


Live - 


Total 

Pe.r 

weight 


weight 


gain 

cent 

at the 


at the 


in 

gam 

begin- 

Average 

i conclusion 

Average 

weiglit 

in 

ning 


of the 


of 

weight 

of the 


experi- 


1 the 


oxperi- 


ment 


group 


inent 






5281 

464 

5661 

500 

36 

7-9 

401 J 


434 J 




5231 

487 

5821 

540 

53 

10-9 

451 J 


498 J 




4551 

472 

6141 

516 

44 

9-2 

490 J 


5isf 




4901 

482 

5621 

557 

75 

16-5 

472 J 


552 J 





Gain in 
Aveight 
expro.ssoLi 
as per 
cent 


Basal ration 


Basal ration I lb. pipal, 
and ^ lb. shrubberry 
leaves 

III 

Basal ration Grass roots 
and grass I ib. 

IV 

Control group on dairy 
ration 


10-2-39 

26-4-39 

7-3-39 

26-5-39 

18-2-30 

28-2-39 

12-3-39 

14-4-39 


General discussion 

From the foregoing observations, it appears that 
in spite of the long-term feeding experiments, the 
two general requirements, i.e. {a) palatability and 
(&) maintenance of health, were satisfied. It may, 
however, be pointed out that munj is very tough, 
and when the animals are first changed over to this 
ation from the normal ration they refuse it. Thus 
in practice when munj roughage is to be used, the 
animals should, either be gradually introduced to 
it or they should be given a reduced allowance for 
about a week. In the famine areas, however, 
conditions are obviously different, for cattle will 
even feed greedily upon the bone-dry 7nunj of roof 
thatchings. When these animals were offered the 
mwwj-niolasses mixture they relished it immensely. 

There appears to be some prejudice against 
molasses as cattle feed. It is believed by cultiva- 
tors and cattle breeders that molasses produces too 
much heat. Labh Singh and Ghambir Singh 
[11)34] in their experiments on feeding molasses 
obstaved that in winter months (January to April) 
^ molasses could be fed economically up to a maxi- 
mum of 4 lb. per animal (1,000 (o 1,200 lb. body 
weight) per day without any ill effects, but in 
summer months (July to September) the animals 
deteriorated in health and their dung became 
watery and dark in colour. Some went off their 
feed, while in others the respiration became very 
rapid during the hotter part of the day. 


In the temperate regions, however, Morrison 
[1937] and most of the other workers found it suit- 
able for use all through the year. Not only' has 
it been advocated as a rich source of carbohydrate 
[Henke 1934 ; Snell 1935 ; Skinner and King, 1986- 
37; Snell and Taggart, 1933; and Morrison, 1937], 
but of other essential food constituents as well. 
Harris, Mosher and Bunker [1933] found 
molasses w^as second only to liver as a source of 
available iron. The total iron content of three 
samples varied from 3-2 to 11-3 mg. per 100 gm. 
and the availability ranged from 54 to 97 per cent. 
Cunningham [1934] observed that molasses is 
valuable source of minerals, in particular of Ca 
and Mg. 

Briggs and HeUen [1940], however, pointed out 
after a series of digestibility trials that the inclu- 
sion of large amounts of molasses lowered the 
digestibility of the nutrients in the ration, espe- 
cially that of fat and protein. 

In order to determine whether the cumulativ, 
feeding of molasses exercised any ill effects on mil^ 
production and breeding efficiency of cows, Henk 
[1934] fed it to cows for a period of seven consecu- 
tive years and found that throughout the long- 
term test there was no decrease or increase in milk 
production, though there was a slight increase 
fat production as compared with that of 
trol group. There was no increase in 


Table IX 
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weight gained by the control group. The animals , which suggests that the ration could 
in tbj first three groups invariably loft a residue of decreased. All through this peiiod the 
1 to 3 lb. during tlio coui'sc of this observation mamtained good health. 
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of abortions or any significant decrease in reproduc- 
tive efficiency as a result of feeding molasses. In 
a fifteen weeks’ experiment, however, he showed 
that COW'S fed on molasses averaged 1 lb. heavier 
per head than those on the control ration. 

In the present observations from January till 8 
August, it was observed that tlie dried tough mimj 
which is ordinarily considered refuse, was relished 
when molasses was added to it. In fact, molasses 
acted as a condiment. 

Health of the animals. Labh Singh and Ghambir 
Singh [1934] pointed out that bullocks receiving 
molasses in winter apparently enjoyed as good 
health as other animals, but, if the feeding was 
continued in summer also [ibid 1935], the animals 
went olf feed and their faeces became dark and 
watery. Morrison [1937] stated that molasses was 
apt to produce scour in calves if they were allowed 
all the molasses they could eat. Galloway [1940], 
ho^vever, in Lousiana trials found that, if calves 
were fed small quantities in the beginning and the 
amount was gradually increased, there was no 
trouble from scouring. 

In the present experimental observation on the 
Kuniauni hill bulls who were fed the mwj-molasses 
ration for about eight months and on the eight 
calves similarly fed for three months, it was noticed 
that aU the animals were healthy and the bulls 
were capable of mild work. 

. Economic! considerations 

During famine when home-grown feeds are rare 
the prices of purchased feeds are exhorbitantly 
high, while money for buying feeds is not plentiful 
with the agriculturists who have suffered a total or 
partial crop failure, it becomes imperative to 
furnish the most in feeding value for every rupee 
spent. 

The cost of the suggested niunj -molnsses ration 
will, therefore, be that of cutting and transporting 
Trntnj plus the cost of transporting molasses, since 
the value of munj in rural areas and of molasses at 
the factory head will be negligible. 

It is estimated that the cost of this experimen- 
tal ration, suited to the needs of scarcity areas, 
js 25 to 36 per cent that of the standard ration. 

Summary 

In this article, a reference is made to the 
famine problem in India. It has been pointed out 
that non-irrigated arid and semi-arid areas are 
occasionally subject to famine. 

To help starving livestock to survive extreme 
drought conditions, efforts have been made to 
discover new sources of fodder. 

The observations reported here were made on 
uiunj {saccharam munj Boxb) as roughage and on 
molasses as the chief source of carbohydrate. This 
plant grows abundantly and thrives in typically 
xerophylous places. 


The first experiment was conducted on Kumauni 
bulls for about eight moiitlis. The animals gained 
in weight and rcmaiiu'd in good health. Jii tlio 
second experiment Hariana (salves were used. TJie 
calves also show(id a tairly satisiactory growth as 
compared with the control group fed on the Insti- 
tute scheduhid ration. No animal showed aTjy 
untoward sym|itom during the ohsorvaticm period 
of 90 days. 

The cost of feeding both the Kumauni hulls and 
Hariana calves on the experimcntaJ, i-ntioii was 25 
to 35 per cent that of the standard ratioir. 
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<.rodbole and Saclgopal Agricultural ; and 


GoDnoLn [1030] and 
[1930] have advocated the desiridnlity of noting 
(lie colour of (he fringes visible when fat 
sntnples are exarninod, along with the refracto- 
iiK'ter reading'. Aciiording to these authors, 

^ ghee of good quality gives invariably colourless 
fringes and is at times violet tinged. Hawley 
[1936] in reviewing some of the methods pro- 
posed for the detection of adulteration in ghee 
states that it is doubtful whether the colour of 
the fringes can be used as a reliable 
method, especially when it is possible to 
]) repare artificial mixtures of fats having the 
same refraction. 

Athavale and Jatkar [1938] extended these 
studies and recommended that measurement of 
boili rofraoiiive index and disj)6rsion on a Pul- 
fricb Eofraciometer using the green and violet 
lines of morcury arc, provide a much more 
" sensitive test. These authors, however, do not 
give any data as to tlie amount of various 
adultrants defoctabh; by this method, the effect 
of feed on tlio fa,t secreted, etc. One of the 
main reasons why the problem of detection of 
adulteration in ghee still remains unsolved is 
th(‘ great vai'isdnlity in the composition of ghee, 
due both to the large number of breeds both of 
the buffalo and cov\' ilistril)i;itpd all over India and 
the grc'at variations in the foods fed in different 
places. Any mfdhnd to be fool-proof must 
stand these tests, Neither fhe studies of God- 
bole and Radgopal nor (hose of Athavale and 
JaBcar throw any light on tluise points. The 
present study was therefore, undertaken to test 
in great details ilio utility of the Ridractometer 
colour fringes in deteeiing aduitorafcion of ghee. 

EXPKlI [MENTAL 

The apparatus used in the present studies was 
the Bu(yrort.'frac‘tot\i(.‘ter made by Garl Ziess. 
The source of light was diffused snulighl;,. .All 
the readings wore taken at 40° 0. in dupli- 
cate, observing 1he usual po'caul ions. 

In all about 130 sampk's of glieo, known to 
h(' pcennino. were exsnniiK'd. They represented 
samples eoliec.b'd from almost all the im- 
^ portant jiarts of India, thus giving a very re- 
prGSo[ii,a,tivn data. For the s.alce. of convenience, 
figures of cow, hnffnlo, mixed and yellow* ghee 
are giv(?n snpara'kdy in 'rabies T io TV. Almost 
all cow, ])[iffalo and *yenow ghee, samples were 
collected in co-operation with the Marketing 

Vollow p;hoo is .so called bneanso of its yellow colour. 
'' ijsually it is a misfcuro of cow, goat and ahoop’s ghoo. 


Veterinary officers of 
different pDrovinces and states. Hence their 
purity is guaranteed. Most of the mixed ghee 
samples were obtained from ghee packers. 
Their origin, either, as pure cow or buffalo, is 
not known. So they have been classified as 
mixed. 

Table I 

Refractive indices and colour fringes of cow 
ghee samples 


Sample 

No. 

Place of origin 

Eefractive 
index at 

40° C. 

Colour of the fringe 

1 

Cuttact 

44-0 

Violet 

2 

Dohad . 

48-4 

Pinic 

3 

Aaigabad 

43-6 

Pink 

4 

Gulburga 

48-6 

Pink 

5 

IiKlore . 

44 ‘3 

Violet 

6 

Anand . 

48-7 

Pink 

7 

Dargai . 

43-7 

Pink 

8 

Warangal 

43-9 

Pink 

9 

P.aracliinar . 

42-0 

Orange 

10 

Gwalior 

43-8 

Pink 

11 

Triclmr 

44*0 

Pink 

12 

Nalgonda 

41-8 

Pink 

13 

Salem . 

42-8 

Diffused yello'w/plnk 

14 

Srinagar 

43 '6 

Pink 

15 

Kumbaltonam . 

43-0 

Pink 

16 

Madura . 

42-7 

Pink 

17 

Calicut 

41-8 

Pink 

18 

Ahmcdabad , 

, 41'8 

Pink 

19 

Tanjore 

44-0 

Pinkish violet 

20 

Coimbatore . 

41-0 

Diffused yello\v/pin]£ 

21 

Chittor 

44 '3 

Pinkish violet 

22 

Molimedabad 

43 ’4 

Pink 

23 

Tanjore 

45-2 

Violet 

24 

Cuddapet 

41-5 

Ked 

26 

Cuddapet . . 

41-8 

lied 

20 

Calient . 

43-2 

Violet 

27 

Vizagapatam 

44-1 

Pinkish violet 

28 

Madura 

43-2 

Pinkish violet 

29 

Coimbatore . 

43-8 

Pink 

30 

Biklranolu . 

43 ’2 

Pink 

31 

Tenali . . 

43-9 

Pink 

32 

Bezwada 

43-6 

Pinkish violet 

33 j 

Shlyali 

44 -G 

Pinkish violet 
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Table II 

Refractive indicer, and colour fringes of buffalo 
ghee samples 


Sample 

No. 

Place of origin 

llelractivo, 
index at 

40“ 0. 

Colour of the fringe 

1 

Cuttack 


44‘1 

Violet 

2 

Dolian . 


45-0 

Violet 

3 

Asigabad 


45 -0 

Violet 

4 

Guibiirga . 


42-9 

Pink 

6 

Kaira . . 


42 •8 

Pink 

6 

Parbhani 


43-7 

Pink 

7 

Indore. . 


44-3 

Pinkish violet 

8 

Anand . . 


42-5 

Orange 

9 

Dargai'. 


41-9 

Orange 

10 

Warangal 


42-8 

Pink 

11 

ParaeWnar . 


39'0 

Orange 

12 

Gwalior 


44-0 

Violet 

18 

Tiicliur 


41'7 

Red 

14 

Trloy 


43 '4 

Pink 

16 

ITalgonda 


42*6 

Pink 

16 

Bider . 


42-8 

Pink 

17 

Salem . 


43-7 

Red 

18 

Srinagar 


44-0 

Violet 

19 

Madura 


41-4 

Pink 

30 

Calicut 


42-6 

Pink 

21 

Bliolka 


42-2 

Pink 

22 

Proddafcur . 


43-7 

Pinkish violet 

23 

Tanjore 


43’ fi 

Pinkish violet 

' '24 

Coimbatore . 


43-0 

Pink 

26 

Chittor 


43*4 

Pink 

26 

Tanjore 


42-6 

Pink 

27 

Mzamabad . 


42 -fi 

Pink 

28 

Jalagaon 


42-4 

• Pink 

29 

Tanuka 


43’ 6 

Pinkish violet. 

30 

Kumbakonam 


42 ’4 

Pink 

31 

Calicut 


44-6 

Pink 

32 

Annnr . 


42*4 

Red 

83 

Kumool 


43-1 

Pink 

34 

Vlzagapatara. 


42-1 

Pink 

36 

Madura 


44’1 

Pink 

36 

Tinnavellf . 


44’ 1 

Pinkish violet 

37 

Coimbatore . 


42 -1 

Pink 

38 

Bikkanolii . 


44-2 

Pink 

39 

Tenali . 


4S’6 

Pink 

40 

Erode . 


44’9 

Pink 

41 

Bezwada 


48’4 

Pink 

42 

Shiyali 


44’8 

Pinkish violet 

.. 4'8 ■ 

Banda . 


40’2 

Orange 


TABTjE I'll 


Refractive indices and colour fringes of mixed- 
ghee 


Sample 

No. 

Place of origin 


Refractive 
iiiilex at 

40" (J, 

Colour of the fringe 

1 

Hosur . 


41 -1 

IsiirtiKed yelluw/pink 

2 

Hlngoli 


4 1 ■ 2 

I'inkiiil! violet 

3 

Porbandiir . 


46-6 

Viobd; 

4 

Lyalipnr 


42’ :i 

Pink 

6 

ICosindra 


if) ’7 

Violet 

6 

Dacca . 


43 ’4 


7 

Cuttack 


44 -4 

Vioiot 

8 

Lyallpur 


•12 -2 

Pink 

9 

Gauhatl 


44-3 

Violet 

10 

Kirkee 


42 '6 

Pinlc 

11 

Allahabad 


42 ’6 

I’inis: 

12 

New Delhi . 


42- 6 

Pink 

13 

Dhaka <Akola> 


43’1 

Jdnk 

14 

Khaclki (Akola) 


44-2 

violet 

16 

Kanhari 


44 ’4 

Vioiot 

16 

Calcutta 


48-4 

Pink 

17 

Ralthal 


44 ’2 

Violet 

18 

Hoshangabad 


42 ’9 

Pink 

19 

Shillong 


40-2 

Violet 

20 

Dhlnoj 


43’() 

Pink 

21 

Balad . 


43 • 9 

Pinkish violet 

22 

Moreiiao 


42-6 

Pink 

23 

Bombay 


.1:2 -2 

i’ink 

24 

Bombay 


•42 ’7 

1-ink 

25 

JublnilTKU’O . 


.41 ’8 

Pink 

26 

Jodhpur 


43 ’f) 

I’inklsii violet 

27 

Jodhpur 


43 ’4 

I'ink 

28 

Jodhpur 


4'.4’2 

l‘ink 

2!t 

Ajmer . 


■13 ’7 

Pinldali violet 

80 

Bengar 


43 ’7 

Pliikislj violet 

31 

Darbhunga . 


.12 ' 7 

Pink 

32 

Davbhangn . 


43 ’0 

Piuk 

38 

Khagarlii-Moghyr 


41 ’8 

Pink 

84 

Barmer 


43 ’2 

Pink 

36 

Chota Barmer 


42 ’4 

Pink 

36 

Banner 


41 ’8 

Retl 

37 

Patiala 


43 ’3 

Piuk 

38 

Patiala 


48 ’3 

Pink 

39 

Calcutta 


43 ’0 

PiTik, 

40 

Calcutta 


48 ’« 

Plnlc 

41 

Calcutta 


42’ 6 

Pink 

42 

Calcutta 


43 ’0 

Pink 

48 

OalcJitta 


42 ’6 

Pink 

44 

Jodhpur 


43’ 7 

Pinkish violet. 

46 

Kharegaon . 


40 ’3 

; Orange 

46 

Pandharpur . 


43-2 

Pink 

47 

Medalar 


■i3’4J 

Pink changing to 
violet 

48 

Dohad 


46‘8 

Violet 

49 

Jhansl 


40 ’6 

Red 

60 

Banda 


41 ’6 

Rod 


Table IV 

Refractive indices and colour fringes of yellow 
ghee samples 


Sample 

No. 

Refractive index at 

40“ G, 

Colour of the 
fringe 

1 

42’8 

Piuk 

2 

43’ 4 

Pink 

3 

42-4 

Pink 

4 

43-2 

Pink 

6 

48 ’4 

J-ink 

6 

42’0 

I'ink 

7 

42 ’6 

Pink 

S 

42’6 

PI?ik 

9 

42 ’6 

Pink 

10 

43’1 

i'ink 

11 

42’.3 

Pink 

12 

427 

Pink 

13 

41-7 

Orange 

14 

‘41 ’7 

Oiainge 

16 

41-6 

Ormigt! 

16 

48’0 

I'lnlc 

17 

42-4 

Red 

, 18 

41’8 

iUtd 

19 

41’7 

Red 

20 

41-4 

Red 
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RGjraciivo indices. Looking at the figure for 
cow ghee samples given in Table I it will be 
seen that the refractive indices show a variation 
from 41-0 to 45 ‘2. The corresponding' ranges 
foT' buffalo, mixed and yellow ghee are 39-0 to 
45 -.Q, 40-3 to 4G-2 and 41-4 to 43-4 respectively. 
Tlicise (.lala therefore indicate that figures for 
refractive index range very widely from 39-0 to 
-.15 •2. The iiiajority of samples, however, fall 
within a narrow range of 4’i to 45. Even this 
j'angc of variation is quite considerable to make 
this value of any use in checldng adulteration 
in ghee. Figures for yellow ghee fall within 
Llie range for cow and buffalo. 

Colour fringes for gfke a. —Figures in the 
various tables show that genuine ghee shows 
either orange, red, pink or violet colour. To a 
certain extent this colour of the fringes is corre- 
lated 'witli the figures for refractive indices, 
'.riius fats having a refractive index of about 4.0 
to 41 show orange', or red colour. iVs the figure 
increases the colour changes to pink and further 
to violet. A large majority of samples show 
pink colour. Like all other chemical tests, 
therefore, the colour fringee also do not give a 
constant indications . 

The Effect of temperature on the colour 
fringes . — ^The index of refraction of a fact and 
the colour of the fringe are closely interrelated 
and this is proved by the fact that if the re- 
fractive index is changed, e.g., by raising or 
lowciring the temperature, there is a parallel 
change in the colour observed. In the Table 
V are given a typical series of results establish- 
j ing this fact. The colour of the fringe changes 
from violet t(j orange as the refractive ind^ex 
shifts from 40‘7 to 36-6. 


Tcinpcraturo “0. 

26° 

30° 

35“ 

40“ 

45“ 

60“ 

Colour of the ' 
fringes. 

Viol ft 

Pink 

Red 
( + ) 

Red 
(++) ’ 

Orange 

Orange 

B.i'fnictivc iiidi s 

49 7 

40 '8 

43' 8- 

41 ■« 

870 

36- « 


id a show ill. 
»(', taken as i 


It would be rather out of place to give the de- 
tailed results here, but the net result of this 
study was that it was found that most of the 
samples gave a blue band. Their refractive 
index generally was higher than the range nor- 
mally found for ghee. Vanaspati made from 
coconut oil gave a very low Viilue for the re- 
fractive index and the colour of the fringe was 
red. By suitable blending of two vanaspaties 
or vanaspati "with coconut oil, etc., it was 
quite possible to prepare a mixture having re- 
fractive index and colour fringe similar to that 
found for ghee. This is illustrated by some 
examples given in Table , VI. For obvious 
reasons it has not been possible to disclose the 
names of vanaspaties used in these experi- 
ments. 

Table VI 

Refractive hidices and colour fringes of mixture 
of different fats 


Description of the mlxtnie 


I. Mixture of vanaspati brands A & B \ 
Brnncl A 


5% + Brand B 06% 


II. Mixtures of vanaspati brands A&- C 
Brand C I 


Table V 

Effect of temperature on the refractive index and 
colour fringes of ghee 


65%+BrandC 35% 


inley blue 
Violet 
Violet 
Violet 

Pinkish violet 
Pinkish violet 
Pinl£ish violet 
Pink 
! Pink 


Coconut oil 
Groundnut oil 


I the colour of the fringe 
constant characteristic of 


Inky blue 
Inky blue 
Violet 

Pinkish violet 
Pink 


ny other fat, and is determined by its 


IV. Mixture of Coconut oil and Pig Depot fat 


Colour fringe of vanaspati . — In the course 
fjf the pi'GKcufc studios, almost all the different 
brands vuriiispati, as well as edible oils, Were 
oxamiued to see* how fclieir colour fringes varied. 


oil 

60% + Pig Depot 
fat 

40% 


55%+ „ 

45% 


50%+ „ 

50% 


45%+ 

66% 


40%+ „ 

60% 


, Light blue/inky 
blue 

Inky blue 


Violet 

Violet 

Pinkish violet 
Pink 
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This conclusively pijovos that there is no 
justilicatiou for taking the colour fringe of 
ghee us ehara(heristic of ghee. This test has 
iho same utility and limitatiojis in its applica- 
tion as the refractive iirdex taken by itself. 
Bofynciivt} iiitlioes^ and culoiir frbkjes of ghoe 
from animals fed on oil oakes 

IL is well known that the luiture of the fat 
inehuled in the ration lias a great influence on 
the ehtnnical composition of the milk secreted 
fat [Hilditeh and Tliompson, 19tS()]. The wide 
variation observed in fat from different species 
of animals, collected in different seasons and 
from different parts of tbe country, can in the 
main be ;iscri}.)ed to this cause. Jn the present 
studies some cxpei'iinents hav(j been carried out 
on the effect of feeding varying amoimts of same 
ealvG to cows and buffaloes. The amount of 
cake included in the diet varied from 2 lb. to 
It) II). per animal per day. Each feeding trial 
covered a. period of two weeks. 

A liypicaal series of data are given in Table 
VIT below. 


Taule VII 

Mefradive indices and colour fringes of butter fai 
secreted by animals fed on sesame <nke 


Sample 
. Ho . 

Qaatitiiv 
of ' 
Sesame 
jake fed 
in lb. ’ 

Cow britterfat. 

Buffalo buttorfat 

Rofrac- 
1 fcive 
index 
at 40°G. 

Colour 
of the 
fringe 

Refrac- 
tive 
index 
at 4(rO. 

Colour 
of tbe 
fringe 

1 


43 0 

Pink 

4-18 

Red 

2 

2 

43-2 

Pink. 

43-7 

Pink 

3 

4 

44 -I- 

Violet 

42- S 

Pink 

4 

(j 

45-5 

Violet 

44*5 

Violet 

6 

8 

46 '8 

Blue 

,45-0 

Violet 

6 

10 

46 -4 

Blue 

45-() 

Violet 


These results once more emphasize the fact 
that the colour fringes change rapidly with the 
feed given to animals and hence cannot be 
taken as an inherent characteristic of hutterfat. 


Detection of adutteralion lonng refractive indices 
and colour of the fringes 

Hiiuni experiuieJiis on tJio (Ictecijroi of adul- 
teration in g'Heo by noting t,h(>. refrac.i'ivo index 
and colour of tlie fringes wiu’e carried out. It 
vras found tliati iinlti.ss tlu'. cliaraelca’istics of tlie 
origiunl ghee sa.:m[)ie wei'e known, it wasordi- 
narily uoi. ])ossil)le to (dassify Hamj)l(’.S! adui- 
tc'.rated with per etait of foriugu fafis evtui a,s 
suspicious. 

flu MM AIIY 

(i) tliiee samples from diJi’ereui })arts of .Indiu 
show wide range in their refractive indices 
(IhJ-O to dr>-2) and colour of ilie Friugt's. Iffu' 
nature of the. fringe colour may be of some value', 
in a small di.sl.j’h't wlam; f»uly one type of ghee 
is prodiic'ed, bid' llie iufornialiou obtained ]•('- 
gardiiig (lie (juality of ibe gla't' hy (ids medhod 
cannoi. be, a.ny ))etter (Itan lliaf- giv(m by tiie 
refractive index. 

(ii) Dwing (o ilu' g;ri':di varlaifoii in Ibo colour 

bauds gi\'en by gla'e from different parts of ^ 

India, adulteration upio anything less than 25 
per cent cannot I'ven be susixicted. 

(iii) 'I'liere is evidr'nco lo show that the colour 
of the fringe c;aii be artificially mani})uluted, 
e.g. by varying Mie tem])ctai’Ui'e uIf wbi{di tlio 
j’e.'iding is lialceii or by a,djusl'ing the, refractive 
index of a. mixture of futis winch iiiood not con- 
tain gliee. 

(iv) A f!los(> relallonsldp oxisis' butwemi the 
colour of the friugiis and the refract.ive indices. 

fv) The colour of the fringe and tbe refrac- 
tive index are affccied by tbe nature of tbe ^ 
Food fed to mile.b animals. 
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COMPARATIVE STUDY OP MT T.K AGAR AND MODI PI ED MILK AO A II' 
FOR THE BACTERIOLOGICAL EXAMINATION OP MILK 
By H. Laxminaeayana and E. V. SESHAOHAiiyuLU, Imperiai Dairy .iuHiii.uf.r, 

(ReeeWed for priblieation on l l .Inly 1943) 

Milk agar recommended by the Ministry of method. As the prices of the: fouMtit ueuts of this 
Agriculture [1034] is generally used to determine medium, iianudy peptoni' and leuieo, liawe greatly 
the number of bacteria in milk by the plate increased due to war, Bark worth a.nd Davis [1,0421 


H, Laxmin’arayai^a and E. V. Beshaoharyulu 




have modified, the standard milk agar by decreas- 
ing the concentration of peptone and lomco from 
0-5 and 0-3 per cent to 0*2 and 0-1 per cent 
respectively. These authors claim that their 
modified medium is as good as the standard milk 
agar, and the mean difference in counts obtained 
by the use of these two media is not significant. 
Hence they recommend the use of the modified 
iuedium as a suitable substitute for standard milk 
agar for the plate counts of milk. 

Barkworth and Davis have examined raw (cow) 
and pasteurized milks with the modified medium. 
As any medium suggested sliould have a general 
applicability to all kinds of milk produced and 
handled under difiereiit conditions, the present 
investigation was undertaken with a view to 
testing the suitability of the modified milk agar 
when compared with the standard milk agar for the 
plate counts of different types of milk, such as 


cow, buffalo, mixed (cow and buffalo), pasteurized 
and village produced milks. Altogethei’ 308 
samples of milk were examined for the purpose. 

Experimental 

The dilution technique of the Ministry 
Agriculture [1934] adojited by Barkworth* and 
Davis was used in the present study. 

The logarithms of the plate count's obtained in 
each case by the use of the two media were taken 
into consideration, and the significance of the moan 
differences in logarithms between the two was 
determined by carrying out the i test as done 
by Barkworth and Davis. 

The mean differences in logs of the plate counts 
obtained by the use of the two media, standard 
errors of the mean differences and the significance 
of the differences are given in the following Tab ig 


Ty];)es of milk 

Number 

of 

samples 

Mean differ- 
ences in logs 
of the plate 
. counts 

Standard 
error of 
the mean 
dilferenee 

Significance of the 
difference 

Cow herd xnilk ‘*■■{1.13.1. Farm) . 


79 

— 0-0405 

0-0482 

‘^’=0-8402N.S.t 

Buffalo herd milk (I.D.I Farm) 


SO 

—0-0359 

0-0454 

‘#’ = 0-7907 N.S. 

Mixed milk (cow and buffalo) (I.D.I. Farm) 


52 

—0-0416 

0-0380 

‘#’=1-0947 N.S. 

Pasteurized milk (I.D.I. Farm) . 


45 

—0-0430 

0- 0604 

‘#’.= 0-7119 N.S. 

"’Village produced milk .... 


52 

— 0-02(53 

0*0476 

‘#’=0-6525 N.S. 


— Imperial Dairy .Institute 

Discussion 

Barkworth and Davis have stated that a. medium 
could not be considered as a suitable substitute if 
the mean difference exceeded 0-1 log. The above 
results show that the mean differences in logs of 
the plate counts of the two media are leas than 
0*05 log in all the cases, and also they are not 
significant as shown by the t test. The results 
obtained by this investigation, therefore, support 
the findings of the authors of the modified millc 
agar. The modified medium can, therefore, be 
suitably used in the place of the standard milk 
agar .for the routine bacteriological examination 
of the milk of th.o five t3q)es, referred to above, thus 
economizing in the use of material during the war 
exigency. 

It lui:S also b(>en stated by Barkworth and 
Davis t.bat tlu‘, modified medium compares 
favourably witli the standard milk agar from the 
■|M:)irit of view’ of mean count and colony size, 
but in the course of this investigation it was 
observed that the size of the colony was compara- 
tivelj^ smaller on the former medium than on the 
latter. 


tN.S.— Not sigiiifleaut 

Summary and conclusions 

1. The suitability of the modified milk agar 
recommended by Barkivorth and Davis as com- 
pared wdth the standard milk agar for determining 
the number of bacteria in milk by the plate method 
has been studied. 

2. The mean colon}' counts obtained on the 
modified milk agar with all the types of milk 
examined are not significantly different from those 
obtained on the standard milk agar. 

3. The colony size on the modified medium is 
comparatively smaller than that on the standard 
milk agar. 

4. The modified medium ma}' be used in the 
place of the standard milk agar, even for the 
kinds of milk available in India for their routine 
bacteriological examination, thus economizing in 
the use of costly material especially in war time. 
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*THE SYSTEMATIC POSITION OE OMNlTHODOBUS OimUl BRUMPT 

(1921) 

Bi'- H. N. tSAPitE, iB-f-'C., lloHeiirch Scholar, Imperial Voiorinaiy IN'koim eli \ ni.l mtiU', rviei' (< cviar 

(Riocoivod for publieatioii on 5 Juno li)4;}) 

(With Plates VII and VIII) 


T 11 .H luinui OriiiVhothi'iiB r.nmi was ]>roi30rtod by 
Brnmpt | j tV-r a n])eei(iK of liek oecurring in 
tlie [’'Uiijab. ill TaA'Iovsky, vyoridng in. 

I'lussia, prodoced e,vidonco to show that the name 
was antedated liy 0, pajriliipes Birnla. Ho also 
forwarded to Nuttall a,n,d Wii,r]yurton in Cambridge 
Ifor examination a oonsignment of Bussian forms 
of O. papilU'peB, and t]K;so wore found by 'them to 
bo idontical Aritli 0. r.rossi Brunpit. Brinnpt 
luins(‘lf later agreed t.liat 0. crofifti Brnmpt was 
synonymous w'ith 0. ptipilliveis Birnla. 

Tbe writer, daring tb,o course of bis stiidiefi on 
tbo morjiliology of the iudian fotTii of ;papUlipcB, 
found that it: lacked errtain ehaj-aetoi-s wh.ioli had 
been reported hy iturlovsky [UKfO] in 0. pitpillijiGti 
and which liad beoii utilii^od by him in distil iguish- 
iug the latter from 0. cholodkov.^kyi Bavloysky 
(IboO) and 0. Iholxmii (Labonlbeno mid M(*.grun 
1882). The nurd important of thoHo eharaetorii-tics 
is the tuft of denticuiated hairs arising from the 
conioai antero-vontrai surface of tlm bi^dy in 
front of the liamorostomc. In the Imhan form 
tlie male hy]>ostome has nearly ]>arallel sidi's, 
while the female hypostoino sliov/s some widening 
at the base. In the llussiau form, i.lio liypostomc 
has parallel sides in both sexes, in the two foiTiis 
there is also a markci'l diffinenco in the disjio.sitiou 
of tlio kypostoiual te'.’th and in the si/.o of the amis, 
viilra and basis cajiituli. The dif'fcrenecs 
between tim two forms are summaj-iKod in t!io 
table on the next page. 

It will be seen from the tabic that the Indian 
form of 0, paqnliipf'.ft diftei's in several fundamental 
characters from the Russian form as de.soribed by 
Pavlovsky [ibilO] ami should he eonsidered a 
sejrarate spoeios and that the name' 0, ems’sa sliouid 
be regarded as ealid. ITnfortunattdy Brunpit’s 
dnscripiion [idbb] of 0. r.rossi is inadequate, and 
tlie species is therofure redoscribed below. 

Female. When feu., hodiy dark grey slightly 
tinged with grccui, or .Jate eoJour. Unfed Sjioei- 
meus, pale yidjov/. Boien, more or loss oiliptieaJ, 
the anterior cud |)ei>ig a little drawn out, forming 
a beak-like protuhia’ancc, i'lngorgod spocinmns 
measure o.OxI.l.- to D.OXb.O mm. (average 
8. 0x4.5 mm.), rhe m-i’angemout of the dorsal 
discs is as in tlie Rn.-i-aan form. ( Jorre.-ponding 


depressions occur in nnli'd I'ieks. 'I’la- ciiticle 
shows a roti(!ida.te structiiri' 'vith irrcgdi.-i r pro- 
tuberances in,tiS'S|)(use'!, Cicsi- being la.igcsi. m.o-'p'- 
iially; it appeal’s \vi'iukh“i in tin’ unfed speeiiiums: 
the centre of eaeb nu'.sh of uetwoir-j):'l M-rii 
appears (Plate VII, lig. 7) lo be oeisqned by a 
single hah*. 

The arrangement of the furrow.-, on the vtsitral 
siirfacd is .similar to that in i.he Riasian form of 

0. papilUpr-B. Eyes are abs'-'iil. 'f'lie .‘Mia-l r.iiig 
measures 0 . 2 to 0.2 mm., (^’ich anal plate bearing 
nine to ton haia’i. ’iriu! vulva is 0.05 to 0.7 mm. 
wide, 'l-’ho capii.ulum lii's in the eaim;r(,ist:oni(', 
with its posterior and lalernl nuirginn protruding. 
The latter terminate ubero ilie .sligbi.ly nunabh! 
‘ oheoks ’ (login, d.’hc denticulated haiui 01 the 
conioai protrusion of the \eni:ra.i body .siirl'ace arc 
absent. There is, however, a tuft (if .'diort <h uti- 
culated hairs on the roof of tbo I'niuerostoiuo, vi.siblo 
only when the ca'nciostome is ra.isiid. 'i'iu* nasi,-. 
ca])itnli in.'asures 0,5 mm. 'I'he (lyposiume dilfers 
in, tin* sexes, being longi'i* than it is broad in tl^*; 
male a,ndsi)alinl:ite wii.h parallel sides, d'iie crown 
of small teiith is followed by two ruws of big kiei.h, 
tla* bortlor row consisting of tim-o (sioth, t!u» 
uu'dian one of two only. In the fetna,i.i it is longer 
tlian the, bast* a,nd la>iceo!;t,tsi, v,it!i .1 border row 
of tlu*ee ti'ctb andt. tbo nio Uan row of two only, 
fii botb the sexos, tlui hypostomc ha,s a, slightly 
bulging end. Two lung iiahs ari-sit at Liu*- sides 
of the hyiiostonial base, ,;us in all Argasidac. 

Plate VI!., fig. f) shows the lateral vi.uv of the 
palp, with its douse growth of lino, ,-.uiuoth ha,U',s. 
The articlo.s show dilfensit i-s lativt* lengths, jiarti- 
cuiarly article No. i which is longes* than that in tEse 
Ivussian form. The structiiro of tbe cuticle 3 *c- 
sombles that of 0. i/iebom-i ( ['Id e VIJ , iig. 7, aiMi 
Pbte V.lli', fig. 2). 'ransu.s I has a wavy dorsal 
contour, tlio dorsal spiir not [i-'-iiip; .is [loiuted as 
in the itussian form (Plate VIH, Ug. S). 'yb,> 

Ibdiork organ is- ohiugate uvaf. d\ j h m practi- 
e.,-dly no papillae on. the ventr'd jairder, ...ud, tin* 
dorsal .spur rosomhies tiiat .of Mm R,u!!'ii.).n firm 
of 0. pa-pillipes. Male: si/r'-l.r) 2 .. 5 to .5.5 ' 
:i.O ami. (average 5.0 :2.i-i iinii.). 'i’he hypo-itome 

1. s shorter -than in tb.'* fun-ile .-uid lia-i mi.dl ,f to -.fh. 


'“.Ltipor rc.-ul umicf t.ho Litic, ‘ OriutfiodontA' cros,‘ii. Bi*um]it [lSl2i] a.s a valid tififcic.s ,uni Jiol a uon.\ m oC 
Ornitkoiluru.'i pupillipCN Xlini'm , iii iliu 2t\ih wusKion of tlio Indian Science O'oiian'C.i IlcviM'd imd 

. written. 
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S. N. Saprb 


It is assuiiiod that the specimens, on which the 
fer(>.g()ing description, is based, are identical with 
ISio forms examined, an.ci for which the name 0. 
crossi was proposed i>y Brumpt in 1921. I have 
had occasion t(3 (ixmnine several hundred speci- 
mens of the spe.oi(-,s of ticks in question from 
many J{)caiities iii, tire Punjab and not one of these 


oonfomied to the description and illustration of O. 
papilUpes Birula, as given by Pavlovsky [llt'SO]. 
In the chcumstances there would, appear to bo 
good reasons for the assumption that the form of 
Ornithodoriis, dealt with here and which I consider 
to be 0. crossi Brumpt is coaspeoific with the 
type of original O. crossi Brumpt. 


0. tholomni (from Nuttall 
and Warburton 1008 ami 
fi'Oiii Brumpt 1930 


Male 4 to 6 mm. long 
Female S to 9 mm. long 


In male Hi)atuli).te, a crown 
(ii’Kmall teeth followed by 
two I'OWH of three teeth, 
middle rowa not far apart, 
then tlireo to four rows 
of simide teetli. 


Size of tlio anal ring . 


Size of the vulva 
Basis eajiituU . 

Three amali setae on 
eae h .side aituat- 
ed near ti>e base of 
the ))aHi!i e.'ipituli 


Russian form of 0. papil- 
lipes (From Pavlovsky 
1930) 


Grey or greyish yellow 


Both in male as well as in 
female about as long as 
broad, Hputulato with 
parallel sides and two rowa 
of three teeth on each side 
(Plate Vn,flg.s. land 2) 


As in the Eii.s.sian form of 
O.papiUipes (Plate VII, 
flg. 3) 


In female lanceolate, with 
TWO rows of three teeth 
median rows far apart 


Coarsely &liaGropned,ono of 
every live or ten liears a 
lone, hair ( Plate V 1 ll,iig. 2) 


The articles of the palp 
show dilfercnt relative 
lengths and few'or hairs 
than in the Russian form 
of O. papillipes 


Indian form of 0. papilKpos 


Slate colour when fed and 
dirty yellow when freshly 
moulted 

4- 5x2‘5 mm. to 5-5x3'0 
imn. (fed) 

5- 0x4'0 mm. to9-0x5-0 
mm. (fed) 

Male longer thanhroad, ,spa- 
tulate with parallel sides, 
A crown of small teeth 
followed by two rows, hor- 
der row of three teeth 
while the median row of 
two followed by four to five 
rows of simple teeth (Plate 
VII, hg. r. 

In female longer than the 
base. Lanceolate, with 
border row of tliree teeth 
(Mid median row of tw'o 
only (Plate Vll, llg. 5) 

Article No. 1 longer than iiv 
the llUHSinn' form. The 
iuilp hoans a dense growth 
ot hairs (Plate VII, llg. 6). 


j Corporis derma retimdo 1 Not de.scrilred . 
I rugosum (Plato VIII, tig. 1) 


Anterior conical protrinsion 
of body bear.s a tuft of 
denticulate liairs (Plato 
VIII, llg. 3) 


Anterior conical protrusion No dentlculat 


1'. 4 with tonniiKil dorsal 
protidjurancii prominent, 
])oini.od and directed dis- 
tally, tlic termiiiiil portion 
on tapm-ing. Short Imirs 
all articles, longest on 
tarsi. 


Wider than long 0 • 3 X 0 • 35 
mm. witti 7 or 8 long hairs 
cm each side 
Not d('Sei'iL)ed . 

Not described . . '.I 

Not descrilied . 


T. 1 with wavy dorsal con- 
! tour (Plate VIII, llg, 5). 

I T. 4 as shown in plate VIII 
llg. 7, deiisoly paidllate 
on ventral border. 


0'025 x 0-023 to 0-031 X 
0 - 026 min. each anal plate 
bearing 9 to 10 hairs. 
0-054x0-062 mm. . 
0-063x0-065 mm, . 
Present 


T. 1 less papillate (PI .ate 
VIII llg. 4). T. 4 with 
more pointed dorsal spur 
(Plate VIII, llg. 6) 


0 - 8 mm. wide . 
Not described . 
Not described . 


tlie anterior conical pro- 
trusion of body but a tuft 
of short denticulate hairs 
placed on the roof of the 
Camerostome and only 
seen when the rostrum is 
raised. 

T. 1 with wavy dorsal con- 
tour. Dorsal spur not as 
pointed as in the Russian 
form. (Plate VIII, flg. 8) 
T. 4 with hardly any 
papillae on the ventral 
border but with dorsal spin- 
as in the Russian form 
(Plate VIII, fig. 9). 

0-2X0-3 mm. 9 to 10 
long hairs on each side. 








i.s produced in tlii.i article to show 
that Orn.'itiioilorus crossi Brumpt [1921] is a valid 
i-jpru-ifis and not a synonyin of Omitliodorus pci'pil- 
liyas Birula [1895]. ‘ 
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A PRELIMINARY NOTE ON CUTANEOUS RINUERRES'l.’ 


By A. 


1). MAoOinflGtUi, EJi.O.'V.S. Pnnd'iKd^ Bengal Veterinary Uollrge 

( 1 lo(i('ivo(i for publioation on IH Augusir 10-tH) 

(With Bate IX) . . 

title, and significantly without ohanin^ or u)u 

its traditional iiajiuw. Un stiu luitiH 


Tiija ahovo is admittedly u, coined , 
althoiudi oniy to some extent iiennissible, , it 
explains moi'o clearly than any other the subject- 
matter oi’ this article. y 

Durim^ a rather desultory study of the history- 
of rimhnpcist in India from the mass of provincial 
and other records, a striking similarity 
appeared to prevail in the local names of this 
disease. U'he word ‘ rinderpest ’ for this disease 
(.HvK/fif— plural of rind~ox) is clearly hiroign to 
India, giving litth; indicati(.m of symptonis or 
anylhing elsci beyond its being a iiest allemmg 
oxmi. It st'cmcd pal].ahle that tlu^ temnnolop 
of this country, at bust, was much more to tlie 
point and syml)olic of the diseases, lor, in addition 
to ni(‘.aning a, disease of oxen, the word moM, 
in more or loss universal use throughout liulia 
for the disease, means ‘pox’ from appareiitly the 
original religious conception that niata, being the 
mother-goddess of this disease, shoiud bo invoked 
by the use of her name for the good of the 
animal so afflicted. Other Indian names, such as 
gau-hnffhmto and guti in Bengali, liowovor, do not 
take on quite the^ same ridigious veneer, ^ loi 
hasJmnto mo&m initially th<5 Spring, although in 
process of time' it has come to mean ‘pox —gun 
meaning cattle, lienee cattle-pox in the spiing 
time. This might be conceded, to imply that a 
form ofpow occurred mostly in tlie spring and was 
therefore, seasonal. Giiti lilerally means m Bonga i 
a visible nodule— again most chaii-ly a cutaneous 
eruption. To all intents and purposes, therefore, 

■ all the names which have adhered to this dusoase 
for thousands of years, point to the same con- 
clus^ion, tliat rinderpest has been looked upon as a 
disease of the epidermis and not, -as is today most 
definitely patent, a frequently fatal affection o± 
the alimentary tract. And it is^ by no meam 
beyond conjecture that the patois of countries 
outside Bengal, awl India even, may prove, on 
further etymological rost'iirch, tliat an equal 
dissimilarity exists b(AwT(>n pnv^iuit-clay ^concep- 
tions of clinical rinderpest and ihc local names 
applied to it. For instaiire, in Fast Alrica the 
local term is also reported to moati literally pox 
and the same holds good for Java and the Dutch 
East Indies. However, without straining the 
point unduly, it seems reasonable to suggest that 
a period of some thousand or more years has 
changed the picture of rinderpest from a more or 
less benign cutaneous affection to the inucb more 
fatal alimentary syndrome nut, with today ami 
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of this surmize, tluu-e is pivsumpl iw o\ idm y^ to 
suggest that in the wulcv spiwes m Mu uarln s 
surface a distinction cveni today o.'Cisls iuttAUMui 
cutaneous forms of this diseasi^ and i couinuai 
symptomaticallv to the aiimeutary 1 rc.c I . A uty ra 
and Marek [1926] lucord 1Ue mculence o. tvvo 
distinct types of rinderpest in Biiissia. 

‘Russian authors attached nuudiimpovtauc-o to 
the occurrtmeo of this afflectiou m calllc <.l Mm 
steppes and distinguished .an (ixaollumiaious and 
non-exanthematous form of riiulerjiest ; Jiiid a. so, 
in accordance witli forim'r motru-.al opinion, 
regarded the apix^arance of th(' ('xanthem as a, 
favourahU- sign in iirogimsis (tin- exantfoan 
iiBiiaHv di'volops in jirotnu-led a, ml IhcietoH' 
milder cases, as Ciovcri has recently iwovco m 
Africa), ‘riio ciitaiicous eruption is common in 
the coiirse of some outbrea,Us, rare in = 

thus Vri)bitrg never obscrvivd it hi ilu>. yVest 
Indies, while Gartwa.' in Fast Alrica- tound it so 
common that the natives call tlu- disiaisci pox 
{(Ijedri). It also occurs in highly bred Me 
ituhaRudmitly of the course of llm diseum. 

It miglit quite reasonably b<‘- siiggi sie.il that the 
reimitlon of the above noti^ in modan lit.aa-ture 
has biam the result of neglect on the. part more 
recent authors to delete an oltsohhi^ am un- 
imitortaut roferoniic, henc(^ its survival ; imt it 
will have to ho conceded tha.t on a. more intimate^ 
investigation of cause aw! elfect the lypeatmi 
report'of the existence of i-wo distinct tonus ot 
rindoj-pcst in Russia— as described a, hove is ui 
keeping absolutely with our recent. Imdmgs m 
Bengai. 

But let 118 not confusi^ things ovt-r sneh a. raciuler 
thread of comcide.nce ; the discovery ot lUO 
existence of a cutaneous lorm ot rimu'r'pest ni 
Bengal is imqw-stionahly now and is rep-ort.ed 
here for the fii'st, tinny, but t.liat by u-y meiuis 
infers that tlris fonn i-as only just, ai'isen. i 
^has clearly btam going on for eimtnries, iis in 
Russia presumably, but lia,s only been brought to 
light today in t.his country, being on tlu’ \vane 
in its porcontage of iiiciihume as conqiared posnmy 
with tliat of a thousand yyai-rs a,go._ Fvw! to(ia,y 
in Bengal, the numlier of ca-tlh^ in sni ayi'ra.ge 
outbreak of rindiTpe.st showing entaiuvous Fsions 
may bo from nil to JO nw- cent; more. ol tea it 
is ft'orn 5 per cent to 10 per cent, it is iJieretoie, 







for other workers in India to attempt a closer 
observation for clinical evidence of this pheno- 
menon tlmn has been applied in tlie past ; for it 
may be accepted that a condition of this kind, 
•which has been lying in apparent obscurity for 
some 50 to 100 years, is not as obvious as the 
proverbial haystack. It requires at times ]rains- 
takirig search to discoymr the primary and even 
the later nodnles, which, when burst, form a 
sort of iiiatted scab of no particular colour other 
■' than that of the surrounding hair. The affected 
sites and tlieir appearance are probably better 
studied from the accompanying photographs, 
(Plate IX) although most of these are of animals 
showing a much more prolific cutaneous affection 
than usual. In most outbreaks’ the number of 
clearly defined nodules or pustules has ranged 
betw-een 10 and 100 over the neck, withers, 
flapks and/or lumbar region. Experimentally, 
the evidence on tins point -is meagre and 
not very substantial yet, as only one ex- 
jjciiinc'utal calf showed three initial nodules on 
the neck some 14 days after iiioculatioii with an 
emulsion of the scab from a field case of the 
disease, after developing an ordinary mild attack 
of alimentary rindeipest with perfectly typical 
mouth lesions. So that the exact period of 
development of cutaneous lesions after infection 
is not yet established ; it probably approximates 
from seven" to ten days. 

However, certain other facts do stand out in. 
the preliminary work on this series of incidents : 

(1) th,© scabs taken from the nodnles of field 

cases are infective and capable, when 
emulsified, of reproducing rinderpest 
(experimentally in three instances) and 
even (in one case) of repeating what 
appeared to be outaneons nodules result - 
mg in scab formation ; 

(2) these scabs were capable of rexrroducing 
true rinderpest even after some three 
weeks from the date of their removal 
fi:‘om the animals in the field ; 

fil) the blood from the calves so infected has 
been found capable of reproducing 
rinderpest in other calves experimentally 
(once confirmed by Mukteswar and twice 
by ourselves in Calcutta) ; and 

(4) this cutaneous rinder]Dest eruption, as it 
may be called, is the undoubted cause of 
a pei'inanent jsitting of the skin (shallow'^ 
^ saucer -like dej)ressioiis) whicli shows up 

prominently in the treated hide, to the 
extent of reducing the value by 40 per 
cent or more. In the finished hide, 
these depressions measure, when single, 
the diameter of an ordinary green-pea, 
but quite frequently one, two or even 
pioro become confluent^ when the 


damage to the hide 
increased. Admittedly, 
ing to this cutaneous 
cause of such depreciatic 
was only proved in one case, in 
the animal affected was slaughtered and 
the hide subjected by stages to tanning 
processes, after careful mai)j)ing of the 
original sites of the pustules, 
depressions in the finished hide; correS" 
ponded exactly with the pustule sites. 
But there is little reason to doubt that 
the same results will be obtained on 
repetition of the experiment, which was 
so carefully done with cooperation of 
Ml- Das Gupta, M.Sc., of the Bengal 
Tanning Institute* 

Discussion 

It is suggested that at this stage of the work 
on what ajjpears still to be an insignificant prob- 
lem, it is not wise to draw conclusions, but it 
cannot be denied that certain |)ossibilities emei-ge 
from the material facts now available. It may 
be, for instance, quite reasonably held that where 
outaneons rindeipest jrrevails the concepts of 
old regarding the spread and unaccountable 
recrudescence of rinderpest in areas previously 
presumed to be free require some form of reorienta- 
tion ; that the mystery of the so-called sjiontanoous 
rinderpest, so long unsolved as to its source, is 
now possibly given its conge ; and that th« 
economic importance of rinderpest does not end 
wdth the incapacity, or even with the death of the? 
affected animal, but permeates the hide industry 
a most important threat to the coimtry. Finally, 
it seems necessary to add that, from the obviously 
jirolonged viability of the virus in these cutaneous 
scabs, their iiotential danger is difficult to exag- 
gerate, not only from the very common and 
customary habit cattle have of scratching one 
another with their mouths and thereby of ingesting 
in this vifay the scabs carrying the living virus, 
but also from swallowing during grazing scabs 
which have dried in situ and later fallen on to the 
pastui'es. 

However, the presumptive evidence of this kind 
is all we have at present to sujiport the contention 
referred to above that cutaneous rinderpest may 
be fraught with all-imi)ortant repercussions, such 
as of explaining the so-called flare-ups of the 
disease in ajiparently free areas, or even of the 
rather unbelievable possibility of recovered 
animals being so-called carriers or rather vehicles 
through their scabs of the disease. Still, 
after allowing that all things are possible, it 
reasonable to expect that where cutaneous 
rinderpest occurs, a higher degree of immunity 
among such local cattle should prevail ; for 


05 JVr x/etPi-'tifr/ei/ viv yjiiotyo 

must he remembered that to tiie cultivators even Mr M. B. Menon, Hiiperintendcut, Veterinary 

Vaccine Section, was concornod with i’ 0 ])i‘odiiciiip; 
rinderpest in calves from emulsions of cutaneous , 
scabs in two instance's. The blood of one of these 
cases was confirmed at Mukteswar to be infective, 
although scabs from tho same lot wfiich produced 
the disease failed at Mukteswar to produce a 
reaction. This latter fact can only be explained 
as due to the loss of via bility in transit or the age 
factor of the scabs. 

Mr Bp. N. Mohan, Disease Inve.stigation Officer, 
Bengal succeeded in his fir.st attempt in rejsroduc- 
ing typical rinderpest in at least one of two calves 
injected with scab emulsion. Blood from this 


the appearance of cutaneous lesions in cases of 
rinderpest is the signal of recovery ; the percen- 
tage of mortality in animals showing cutaneous 
eruption is very low indeed. 

SUMMAEY . 

In India and some other eastern countries, the 
name ‘pox,’ is given to rinderpest, indicating a 
cutaneous eruptive fever, othei' than a severe 
inflammatory disease of the alimentary tract. In 
Bengal a benign typo of rinderpest showing cuta- 
neous lesions has been recognized ; and sometimes 
5-10 per cent of affected cattle exhibit from 10 to 
1000 nodules, whicb eventually, with the progress 
of the disease, turn into scabs. Scabs from 
aff cted animals are capable, on inoculation and 
sub-inoculation, of producing rinderpest both of 
simple and cutaneous types. The prolonged 
vialulity of the virus in the dried scab seems to 
answ’er many of the problems relating to the 
appearance of so-called ‘spontaneous’ rinderpest. 
The cutaneous eruptions cause a great deal of 
damage to the hide industry and reduce the 
value of hides to the extent of 40 per cent. 
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infected calf was again successful in ptroduoing 
rinderpest in one of two calves sub-inoculated. 
In addition, calf first mentioned ddAmloped (.m 
the 14th day after injection of scab emulsion 
three nodules on the skin of the neck which 
resembled to a great extent those usually to be 
seen in field cases. 

Ill respect of these .latter experiments bj'^ 
Mr R. N. M'ohaii I cannot liut praise the meti- 
culous care and attention with which he conduct'd 
the wmrk ; he is, therefore, deserving of ciiy credit 
which may emanate from tliis preliminary record. 
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A STUDY OP SOME SIMPLE METHODS EOR DETECTINU ADULTERATION 

IN GHEE 

By Noshir N. Dasthe, D. R. Kashyap and Zal R. Kothavalla, Imperial Dairy Research Institute 

Bangalore 

(Received for publication on 31 May 1943) 

of earthen pot. It was claimed for this Tnothod. 
that, if the sample of ghee vpas adulterated with 
mnaspati, a Avhite chalky deposit Avas left on the 


The following studies Avere made to investigate 
the possible use of simple methods for differentia- 
tion between pure ghee and other edible fats, espe- 
cially edible liydrogeneted fats {vanaspetti). 


Tile test for ghee 

Sometime ago a method of detecting adultera 
tion of ghee, henceforth to be called, the ‘ Tile ’ test 
received publicity in the press. The folloAviiig was 
the method advocated for carrying out the test. A 
small quantity of ghee (a drop or two), previously 
warmed, Avas to be applied on a baked earthen 
surface provided by either a country tile or a piece 


spot. This would not ordinarily happen Avith 
genuine ghee. 

From a series of preliminary trials carried, out, 
it was found that porous, e venly smooth, unglazed,, 
earthenware .surfaces gave the best results. I.’lui 
fat to be tested was usually spread lightlj’ on tha^ 
surface or rubbed hard for 15 seconds, it was 
found that these two methods of applying .hit did 
not make any difference in the results of the lest. 
The test Avas always earried out at room tempera- 
ture, i^e, no attempt Avas mad,<f> to melt the flu , 
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Tlio results obtaiuecl with the Tile test usiiig 
different typos of fats are briefly summarized, as 
follows : 

(a) Vegetahh oild. xA.!I the edible oils tested gave 
negative results, i.e. loft no chalky mark on the 
surfaces tried. 

(h) Vaiiaspati sauiples. 3n all 25 different 
brands of vanaspaU vrerc oxa mined. It was found 
ihat. with a sin/.do exception, all the samples left 
fi, elrdky m:u'k on the tile. It was also noticed 
tliat this particular sample which gave the negative 
result was ([iilto hard compared with the other 
samples of vanarpaii, which were in a semisob'd 
condition, at room temperature. 


published. If nickel is found to be ])rcsout in 
vaTiaspati in considerable proportions duo tn .faulty] 
methods employed in its raanufaeture, the test could 
then be utilized for the detection of such vanaspati 
if added to ghee. 

For detecting the presence of nickel, an acid 
extract of the fats under test was prepared 
by the method recommended by Atack [1913] 
using .Fortini’s reagent as folio w.s : 59 gm. of iht 
were weighed in a flask and 20 ml. of coiicontratod 
HCl added to it. The iaixture was heated with 
frequent shaking and then allowed to stand. The 


(e) Atirmal depot fats. These fats were extrac- 
ted from the connecting tissues by the apxffication 
of heat. Cow’s and goat’s dex)ot fats gave a challvy 
deposit, while buffalo’s and pig’s fats showed 
negative results. It may be added that at room 
temperature, the buffalo fat -was found to be a.s 
hard as either cow or goat fat. 

(d) Ghee samples. In all about hundred samples 
of ghee were examined by the ‘ Tile ’ test. Sam- 
ples wore collected from almost all parts of the 
country with great care to ensure their genuineness. 
For this test, the direct nse of butter instead of 
ghee made no difference as to its sensitivity. It 
was found that approximately 45 per cent of these 
ghee samples gave a positive result. The rest 
were negative. This serious defect indicates the 
unreliabiUt ,7 of the test under everyday conditions. 

(e) Effect of hea/liny the fats on the tile test. It was 
found that when vanaspati samples which gave a 
positive ‘ Tile ’ test were heated to CO'’"' C. and 
higher, they lost the property of throwing the 
chall<;y deposit on the tiles. Melted 8amx)les were 
always allowed to cool to room temperature by 
leaving them overnight, and in some oases were 
even solidified by keeping them in a refrigerator 
before testing. This behaviour of vanaspati is a 
great handicap in the appHcahion of the Tile test. 

(/) Detection of adulteration using tile test. In 
view of the fact that quite a large number of gen- 
uine ghee samples gave a positive result, the utility 
of this method for the detection of adulteration of 
ghee, therefore, becomes very doubtful. 

These results suggest that the positive results 
given by most of the vanaspati samples and other 
fats is due to the peculiar physical condition at the 
time of their examination rather than to any in- 
herent characteristic. 

Presence OF NICKEL IN VAFASPAii 

A study to e.stimatc the nickel content of 
vavaspati was undertaken. Any re.sults of a simi- 
lar study, if carried out in India, have not been 


Table I 


Samples , 


Vanaspati No. 1 

» I 

:: t 

” I 

:: 10 



Vanaspati No.15 


Bombay 

Bombay 

Jubbulporo 

Jodlipur 


Joillipur 
Jodhpur 
Ajmer 
Bangar 
Darbhanga 
Darbhanga 
Calcutta 
Calcutta 
Calcutta 
Calcutta 
Narnaul 
Bangalore 
(buffalo) 
Bangalore (com') 
Mandya 


Bellier-Kries reaction 

Upper layer 
(ether) 

Lower layer 
(acid) 

Brown 

Colourless 

■piiik 

Brown 

Pink 

Colourless 

Turbid 

Brown 

Colourless 

Faint pink 

Colourless 

Colourless 

Piiilc 

Pinic 

Brown 

Colourless 

Brown 
Yellow' 1 

Colourless 

Yellow 

Piuk 

Falnt pink 
Pink 

ColourIc.s8 

Brown 

Yellow 

Brown 

Colourless 

Pink 

Faint pink 

Faint pink 

Brown 

Yellow 

Brown 

Faint pink 

ColourlosB 
Faint pink 
B’aint brown 

Yellow 

Colourless 

Yclimv 

Colourless 
Faint brown 

Colourless 

Yellow 


llemarkB. 


Tlio lower layer 
changed to deep red 
after some time. 


The lower layer 
changed to reddish 
bioM'n. 


Tlie upper layer 
changed to faint 
pink and the ower 
to yellow. 
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clear aoid layer was pipetted in a silica basin, acid solution of }>hlorop:ln(iiuol jji 


evaporated and th(3 residue ashed in, a muffle fur- was shaken atic 
nace at low rod heat. After cooling, 1 ml. of Results for ghe 
Fortini’s i-nagent was put over the ash and the in Table I. 
development of colour noted. The silica dish was , o' 

covered and left for 24 horns to note any develop- ‘ 
ment of tho characteristic p»ink colour. marcatiou belA^ 

Fortiiii’s I'cagont as used in the above tests was * 

made ])y adding an equal volume of liquor ammonia teat loi' dihere.i 
to a saturated solution of dimethylglyoxine in basis c 

absolute alcohol. I'eniote. 

All the samples of vanaspati teHteH by this 
method gave a negative result for nickel. 


was shaken and, aHf)wed to si‘])ar;Ue in tw(; 
Results for ghee and vanas'paf i saiivpji'Sf 


Hiese results show that there is n,o ; 
marcatiou betwiien. tlie (ioloiir shown 
mnaspafi. Hou<*c, tlu! possibility oi‘ 'd, 
test'for dirfere.ntintiiiig b{h,weeu 
on the basis of tlm Ijollier-Kih's j-oaeti 
verv remote. 


Bellier-Keies test 


The ‘ Tile ’ tast, Pinud/liylglyoxino test for 
nickel and Bellier-Kries reaction do not make a 
sharp differentiation between ghee and vanaspali. 
Hence, they camrot be employed for detecting 
adulteration in ghee. 


This test was carried out with fat samples of "Xr " 

different origins to see ifthere was a clear demarca- , ,, •• '. , ' ’ ' 

tion betwoeS gUoc and otbor fate. , adnltevat.on m ghee. 

The test was carried out by shaking 5 ml. of the RE.FEI- 

liquid fat with 5 ml. of concentrated, colourless, 

nitric acid (sp. gr. 1' 4) and 5 ml. of a 0' 1 percent Atack, E. W. (19.13). Analyst 


SOME NEW RECOEBS OF NEMATOBE WORMS FROM INDfAK RUMINANTS 

By M. M. Sarwar, L.V.P,, Research Assistant, Imperial Veterinary Research Institute 

Izatnagar 

(Roceivod for publication on 38 June 1 M3) 


The worms under record were collected on 
po&t mortem from a four-months-old local d.airy 
calf of Hriana breed, a on.e-year old buffalo calf 
recently purchased from a village in the Bareilly 
district and a sheep that died naturally at Izat- 
nagar. Th.e dairy calf harboured more than 
5,(100 worms of the species, Meoistocirrus digitatus, 
Cooperia pmictata and Oooperia pectinata. Jfeois- 
tocirrus digitatus is by far the most common worm 
infesting cattle in India and is considered to be 
responsible for parasitic gastritis in calvas. 
Sheather [1919] described what was evidently this 
species and considered it responsible for deaths 
among calves in a dairy .herd. The calf under 
consideration had been dosed thrice with copper 
.sulphate and iron sulphate during its illness Avhich 
lasted about a mouth. The worms when fresh 
were dark-brown in colour, and under the micros- 
cope their intestines were found tinged greenish- 
bhie, tho worms on the whole presenting an un- 
usual appearance. This w^as probably due to the 
drugs administered to the calf. 

Cooperia pectinata and Oooperia punctata were 
reported for the first time by Rao [1940] from 


south India. Bhalerao [1942| i'e|)Ofted tlumi fro,m 
a hill-bull at Mnkteswar. 'Elm present liudings 
are recorded froiu plains c.attle iji northrirn Tiulia.. 
The high Infestation, in the locally-bred calf tuv-l 
the presence of C. punciala- in 1li<' bufl'ido calf, 
from tho same di.stricb suggest tl),e possibility 
of oousiderabh' infe.stati(.ms of ca.t(,le witli (hose 
worms, 

G. punctata, Paracoopena nodnlusa, Banosla- 
mmn plilebotamnm. and a Capillaria s}). were 
obtained from the buffalo (;a]f, and none of llieju 
has previoiisly boon i'oct)r(l,cd from buffaloes. 
Oesophagostomn ni indicum wa^s collected from U),o 
sheep referred to abovee 

Paracooperia norliilosa [Schwartz I 

Schwartz- [1929) d(wcri!)c(l. a })a!'a..sij<i fi-otn f.hc 
iiite.stine.s of a carabao {BuluthiH wluc.li ^ 

he called Cooperia nodidosa. Tin; material wa,s 
sent to him from the Phili])piue.s by !)/■ (lo.inoz with 
the iiiforuiation that the aaiimai was ('.x(.rem(J.y 
emaciated and had died of iimixition. 0)i pok 
mortem, the small intti.stinos were Ibnnd, to con- 
tain nodules throughout it.s length and tlu^ teased 
preparatioxis revealed round w^mm.s. l 
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Sdluvart/^ tlio jiodnles as conspi- 

cuoiisly-raisod bodies, varying from about ?> to 5 
mm. in fliaanete!', the summit of each nodule being 
more or less (ie-|)resse(i. and eontainjiig a sinall 
opeiriiig. Kaeii jiodnle eontaiuod a singU^ worm 
wliicih ^vas somevbat dc('ply ejnbedded in the 
nuicosai. On this evid.enc(\. he stated that the 
worm sliould he regarded as patJmgenhi and jms- 
sil)!,y of economic imj)ortai ((•(>. 

The intestines of calf was ruuiuL studded with 
uov'lules resembling thos(5 described l)y Schwartz, 
tlu'ir nuiuber }>eing about 20 p(M’ i'oot of the in- 
testines. T}ui nodnlos pn^sonical a greenish ap- 
pca.ra.uce when fr(^.sh. 

The descripi ion oi'the parasite', is ba.sed on indivi- 
duals oh/iaiued frcio in the lumen of the intestines. 

Travas:;o.s 11.937] 1 ransferred. the species G. 
iiod.iilom to his newly created ge.iius Farmotyperia. 
The folioAving points liave heem studicfl from. 10 
i ri di vidi lals q.< • II ecied. 

The head, varying in diameb'r froju 0.06 to 
O-OGa mm. bears the jiapillac described by 
SeliAvartz. The oesuphagu,s varies iu length from 
0-3 to 0-45 mm. and has a diameter of 0-3 to 
0'45‘''mm. at its greatest breadth. 

The male is about 0 ,ram. long and has a dia- 
meter of about 0-14 mm. at the anterior ends of 
the spicules. The appearance of the bursal rays 
is in agreeine.nt with Schwartz’ description, save 
that tlie dorsal ray does not always present a 
bifid appearance at its branches. In one individual 
the right branch of the dorsal ray, besides ppving 
off: the lateral branch, bears a ray-iike. s.i*..-ture 
in the angle formed by the origin of the lateral 
braaieh. TJiis strueliu'e is absent in the corros- 
pouding it'd, branch, Avhihi the main branch ha.s 
a i)ifid appearance. Tiu' spicules are from 0-25 
jiun. to ()-28 jum. long, dilferiug in this respect 
from 0-304 — ■0*32 mm. described by Schwartz, 
and bear about ten ens[w each on their median 
process. Tiui j}ro(;es.s Ijcariiig the eusirs arises 
about 0-04 mm. from tlio anterior end of the 
spicule. 

Females measure from 10 to 13 mm. in length 
and have a wiflth of about 0-2 jum, in the region 
of the vulva.. T,iie vulva is situatorl about 2-5 min. 
from tluA tip of tlu'. ia.il and is covered by a promi- 
nent euticula.r liiiguiform ilap. The combined 
length of tlio (ivjj('e(,f>rs, including the sphincters, 
i.s 0-8 mm. I’ho i.aii, b iai-iiig alae, has a length 
of about 0-J5mm. Tlie oggs are 0-07 to 0-075 
mm. long ami 0-040 to 0-054 mm. broad. 

Host. Bos bubalis 

Location. The small intestines ; free or in 
nodules in mucosa 

Locality. Bareilly district (U'.P.) 

Biubostomum pMebotomum Railliet, 1900 

Host. Bos bubalis 


Location. Small intestine.s 
Locality. Bareilly district (IJ..P.) 

Ooopena piiTictata (Y Linstow, 1.907) 

Host- Bos bubalis and Bos indic-us 
Location. Ahoma.sum and small intestines 
Locality. Bareilly district (U.P.) 

Coopei'ia pecUwda do'w.n I ’ansom, 1907 
Host. Bos indicus 
Location. Abomasum 
Locality. Izatnagar (U.i?.) 

Oapillaria sp. 

Only fragment.s of tliis ivorm uA're collected 
and identifica-tion rvas not possible. The eggs 
measure 0-048 to 0-05 mm. long and 0-0105 to 
{)-017 mm, broad. 

Host. Bos bubalis 
Location. iSmall iiite.stiues 
Locality. Bareilly district (U.P.) 
Oesophagoslomuw. indicum [Mapl(.‘sto.iie, 1931] 

The species was originally described from the 
large iiitestin<\s of a spotted doer and a red deer 
in the Zoological Gardens, Calcutta. The tAvo 
male oeso|)hagostomes in the writer’s material 
have a striking resemblance to the species under 
record, the only difference being the location of the 
cervical papillae. The jiapiilae in the male 
are situated half way betAA^een the cephalic groove 
and the end of the oesophagus and not behind the 
oesophagus as described by .Maplestone [1931]. 

The males measure about 13 mm. in length and 
have a breadth of about 0*3 mm. at the anterior 
end of the spicules. There is a cephalic sAvelling, 
Avitb the groove situated about 0-2 mm. from 
the anterior end. Each of the leaf crowns con- 
tains ten bj-oad elements. The spicules measure 
about 1*55 mm. long, and the accessory piece is 
about 0-065 mm. 

Host. vSheep (Ovis aries) 

Location. Large intestines 
Locality. Izatnagar (U.P.) 
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THE EXPLOITATION OE STRAW FOR FOOD 

By Major G. Williamson,* 03.1., Royal (Dick) Veterinary GoHege, Edijibiirgh 

(Ropi’oduced fnaa The Journal oj the Royal Army Veterinary Corpfi, Vol, J 2 , IMo. 4 , Augnid, 


In liormal times, or at least in times of peace 
cereal straws are nsed as food for animals to an 
important extent only in the backward agricul- 
tural ar('as of the- woikl ; elsewhere the main func- 
tion of straw in agricultural economy is to form a 
basis for tlio jiroductioii of nianm*e. ‘ It thus hap- 
pens that those who are the chief users of straw as 
forage are in no position to exploit modern know- 
ledge in ail endeavour to realize its full potentiali- 
ties, while to those who could do so the subject 
generally is of little importance because they have 
easy access to riohej' sources of nourishment. When 
these sources are denied to them and when perhaps 
because of difficulties of transport and an urgent 


demand for fats, tiie liandliiig of maioi'ial with «- 
high oil and protein (iontent'is imdortakon more 
readily tha.n is that of the moia^ carbonarxMmK foexis, 
then the lattej-, being at liaaici, lias il;.; value nnioh 
enhanced, while tlic defioionoy of pj-olojii. with 
which it may be associated ;nid wJiich. in luu'mal 
times makes it economically woithii'ss, is ihen of 
less moment. It is, in fact, ‘such conditious, or the 
Ijossibility of such conditions, that liave turned the 
attention of nutritionists to a study of tiro jneans 
of extracting from straw its maximum use as 
food. 

A glance at the table below is sufficient to show 
the nature of the problem involved : 


Gomyrndiion of the cereal straws 


Oats (Wintor) . 
Oats (Spring) . 
Barley 

VlTieat (Wintor) 
Wheat (Spring) 


1 Chemical composition 

Digestible oemstituoat 




Carbo- 



Carbo- 


Oil 

hydi’ates 

Pro- 

Oil 

liydratos 








toil! 


Solu- 

Fibre 



Solu- 




bio 




ble 


1-9 

1-5 

43-1 

34-6 

0-5 

0-5 

10 - S 

1 , 9 -7 

2-9 

1-9 

42-4 

33-9 

0-9 

0 -{> 

19-4 

IS - 3 

3-3 j 

1-8 

42-4 

33-9 

0-7 

()•() 

22*5 

18-3 


1-3 

40-7 

30-6 

0-.5 

0-4 

15-0 

18-3 

i-9 j 

t 1-3 

39-8 

35-9 

0-5 

0-4 

14-7 

18-0 


Starch 

equiva- 

lent 


4 - 9 
4*9 
4*6 
6-3 
(rl 


21 

20 

23 

13 

13 


are in carbohydrates but how poorly these car- 
bohydrates are utilized by the animal and how 
that low digestibility applies not only to fibre but 
also to the soluble carbohydrates. Again, one sees 
immediately that little of the protein and fat is 
digestible, but that at a-ny j-ate the quantity of 
these constituents is so small that they have little 
significance froin a feeding point of view. The 
amount of ash is of some importance and more 
important still is the amount of silica which it 
contains. Although the total amount of minerals 
ill straw is somewhat less than that contained in 
hay, its nature i.s very different beoause silica 
generally forms a quartei' to a third of the straw 
ash, that is 1 to 2 per cent of the total composition, 
wliile the quantity of lime and phosphoric acid in 
it is negligible. 


* At present Animal Husbandry Commissioner with the 
Government of India 


wiua oe macie usetul as a food only 
when the digestibility of tlie carbohydrates can be 
very considerably raised. To do that it is neces- 
sary to appreciate the conditions wliicli account for 
their low digestibility. In the first place, as the 
analysis shows, more than half of the carbohydrates 
is composed of crude fibre, I’his crude fibre con- 
sists primarily of cellulose and otiier complex poly- 
sacobarides, the most important of wdiich are lignin 
and eutin. The lignin and cutin envelop 'and 
impregnate the cellulose, forming as it were a 
vegetable skeleton as well as a protective eoverina-. 
The crux of the question lies in tlie raaiuier hi 
which these substances are dealt with in the iutosti- 
nal tract, for if they aiv not bi-okon down tim 
material which they enlold must remain unaftbctixl 
by the digestive juices. 

Pure cellulose is comparativGy wall tiigesled bv 
herbivora but not so bv other tyja s of fcodm's 
becau.se its digestion dipends not upon (he ad ion 
oi intestmal enzynu's as does tliat of oilier car- 
bohydrates hut on the action of th(^ enzyines of 
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Bynibiotio ■m.ioro-org£T..nismf! which themselves are 
closely associated thv. food. Thus the nature 
and miin'her (sf colhilose-.spiitting organisms foiiiid 
in the intestiiK^ at any given time depends upon 
the extent to ^vhich plant, food has formed part of 
the diet prci'.iously . and the extent of their action 
in a largo measure d('j)endri opjon the lacilities 
offered for tlieir contact with the food over a pro- 
longed period such as occurs in the rumen of cattle 
and in tlic cfecum and colon of the horse. If the 
celiuioso is incrasted with such material as lignin, 
cutin, silica, etc. their insoluble natui'e prevents 
the action of either digestive juices or bacteria, 
making tlie digestion of cellulo,se impossible and 
denies, even to the ruminant, the use of the other 
nutrients contained in it. 

One of tl'sc fcatuT-es of the ageing of all grasses is 
the proportionate increase in cellulose, and in the 
lignification of its cellulose characterized by the 
rigidity and brittleness of its stem, so that as the 
plant gams maturity the amount of lignocellulose 
composing it rapidly multiplies. The cereal 
grasses are no exception to the rule, and as it is so 
important in the harvesting of the grain that there 
.hould be tno lodging of the plants, those varieties 
having straw of a stiff nature which can thus with- 
stand rough weather conditions are favoured in 
most districts. By far the commonest factor 
governing the amount of lignification of straw, 
however, is the stage at which the crop is cut. In 
the straw of the unripe oat, for instance, the crude- 
fibre content may be as low as 29-6 per cent or 
even lower, but when the same straw has been cut 
in a completely matured condition the fibre may 
have almost doubled in amount and the lignin, 
which in the former condition may have been al- 
most absent, will in the latter case he present in 
large amounts. The shorter the period of growth 
the less will the process of ii^iification have pro- 
ceeded. Of cereals, only oats are habitually cut in 
the imripe state, and it is for this reason that oat 
straw can without treatment form a useful food 
even for horses. On analysis, barley straw may 
appear to be superior to oat straw, but it is less 
palatable ; wheat straw and rye straw are very 
much inferior and are useless as"a food for horses — 
in fact, as is well known, the horse may expend 
more energy in dealing with such straw than is 
supplied by ithe nutrients absorbed from it. 
Their inferiority is almost entirely due to the 
iiKligestible nature of their carhohy^ates. 

Knowledge is still lacking as regards the exact 
nature of the association of ligninand cellulose. 
By some it is held to be a loose chemical combina- 
tion ; by others the relationship is considered to be 
a very close chemical one. The latter view is to- 
day more widely held than the former. Kearly all 
authorities are agreed that a characteristic of 
Jigiun is the presonce of methoxy and acetyl groups 


in its molecule, and it is known that these are 
easily s])lit off l)y the actif>n of lieat and alkali and 
tlmt if the process is i-ejKia.t.ed .sufficieid Iv often at 
higli enough tempera l.n res the lignin can be 
pletely removed. Lignin and ligno-cellulose, the 
term used to denole the connection between the 
two substaiiees, are (piit(' indigestible, for they are 
acted upon neither by tlu' digestive juices nor by 
the iiit<?stinal mierfj-oigauisms. It has been 
suggested and it eaji quite readily be imderstood 
that the indigestibility of fibi'o may not bo so niuch 
dependent upon the amount of lignin, which it niay 
contain as the manner of the disposition oi the 
lignin within the cell wall. 'Fhe presence of biit 
a small amount of lignin may or may not be res- 
ponsible for a proiioimced lo'wering of the digesti- 
bility of the fibre of a crop, depending o.ii whether 
the lignin is distributed in a thin inipeivious layer 
locking up the otherwise digi'stible material or 
whether, on the other hand, the lignin is less evenly 
distMbuted and a certain amount of the fibre ceils 
are free for digestion. _ . 

The common farm process vyhioh has been 
practised for generations of chopping, grinding or 
fermenting straw does only to a slight extent in- 
crease its digestibility. The chopping or grinding 
saves the expenditure of energy and to that 
enhances the feeding value of the material, the 
fermentation increase.? the palatahility, but grind- 
ing may actualty decrease it. What might be 
considered an extension of these processes carri- 
ed out on a commercial scale has been tried^ in 
several countries. The best known one in this 
country was that carried out by the d’Orby Bulp & 
Fodder Company whereby the material wa-s 
exposed to steam imder pre.ssure, dried and ground 
to a meal. The principle of a proce.ss 
Price in Australia was similar, while modifications 
of the same proee.ss were tried out in Germany 

and Russia. One may say, however, that, wmie 

palatabHity was greatly increased, in each case ciie 
food value of the straw was not sufficiently raised 
to make the process of much practical value. 

Some fifty years ago Lehmami demonstrate 
that the nutritive value of .straw could be enhance 
by the action of hot alkali, and shortly afterwards 
Kellner showed that straw treated for the manu- 
facture of paper by hot soda solution under 
sure greatly increased its value as a food. 
firmatory tests in later years showed that auytmng 
up to 100 per cent of the cellulose freed from jn- 
crustiiig substances in this manner was diges .et 
by ruminant, s. Although straw was little used in 
Britain for paper-making, it was always usee 
exten-sively for that purpose on the Continent. 

When the process employed in papei’ nianii a - 
ture was simplified to bring it within the ^ 

ordinary farm practice, it was shown that 
difficulties were great and the disadvantages very 
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real. Costly oquipment was needed and a level of 
intelligence required for its application which, pre- 
cluded its use by other than at least semi-sldlled 
lahoiu’. At a s])eeialized central depot, however, 
where a plant was installed which was capable of 
dealing with large quantities, a material of high 
feeding value was produced at a cost which was not 
unduly great, that is when the treated straw or 
‘ straw pulp ’ ■was used in its wet state. But 
therein lay the difficulty, because the water content 
of the ]>ulp is very higli, the transport of water is 
expensive, tlie proceB.s of drying is costly, and the 
seiui-drie(l material is a favourable medium for the 
growth of moulds. The straw could then: be used 
only in an area in jjroximity to the idant, in order 
to avoid the difficulties of transport ancl storage. 
The usefulness of this method of treating . straw 
under factory conditions was thus greatly restrict- 
ed, but, all the same, during the last European 
War many large-scale plants were installed in 
Germary. 

As a result of t,he intensive study of the subject 
which was uudertaken at that time, it was foimd 
that tliere was no necessity to carry the digestion 
of .straw to the extent done in the paper industry. 
There the- complete I'enioval of the iiidige-stible 
enveloping substances is aimed at and is achieved 
only at the expense of large aiiwumtH of organic 
material or potential food. Fairly strong concen- 
trations of alkali and pi'essure steaming are the 
means adopted to that end. To greatly increase 
the food value of straw it is sufficient to disrupt tlie 
incrustiug material and to spring the ligno-cellulose 
bond ; in the process, the silica may be .separated 
and dissolved and th.e :mefchoxy and acetyl group 
split off the lignin molecule. It was discovered 
that this could be attained quite well when weak 
solutioBvS of caustic were used, and it was also de- 
monstrated that .steaming at high pressure wa.s not 
neces.9arily beneficial, Thu,s the expeiifsive liigh- 
pre.ssiu‘e process was discarded in ffivour of the use 
of weak alkali solution at low pre.ssure. The re- 
sulting product i.s of an acid or neutral reaction 
because sufficient acetic acid is formed from the 
liberated acetyl group to neutralize the compara- 
tively small amount of alkali. The proces.s was in 
the meantime carried a step farther when cooking 
in open vats was advocated, A stronger solution 
of caustic soda wa.s, however, employed and the 
treated straw had to be freed from alkali by wash- 
ing before it could be fed. In washing there was 
an unavoidable loss of organic material wliich went 
far to offset the benefits which the simplified process 
otherwise afforded. 

At Leeds in 1917 Godden, making use of the 
lessons already learnt on the Continent, devised a 
simple process which could be used on the farm. 
He recommended that chopped straw should be 
soaked overnight in a l-S per cent solution of 


caustic soda, and on I'cmoval iron) tlio solutioji it 
should bo well draiiwid .and put into a steamer, 
such as forms ti, fa!i-t\' common [jiece of (iquipinont- 
on a modern farm. I'liO })a.rticu]aj’ one he (l(‘v ised 
consiisted of a vertical bo'l.'i' wilb a, loo.s(‘ (.lOVcr 
and fitted with a, pi[)e ilelivered st(“am iiea)' 

the base. Mteam was biossn riwoimii iju' soaked 
straw in tin’s i.aaik until tb(' v\jioJf> mas.s wa.s at 
boiling-point, .stea.ming being (ionliinied ibr an 
hour. Tlie treated sti‘aw wa.s aJiowod to dra.iu and 
cool before bring fed. it re(|itir(‘d no ua-shiug;, 
becau.se the soda had been s\ifris'iently mmirahzKl 
during the .steaming. Hemsbowoti that (lu'j'o was, 
on the whole, about bt) per (-(‘tit gain in feeding 
value. 

While Godden was doing thi.s work in lilngland, 
Beckmann jiit!'Oiiuee(l Ins method whitli differed 
radically’’ from all tlie ])i-(‘vious ones in thah it did 
not involve; tin? use of heat. H'e* pro\Td, lea), t.bat 
even unde-r such eonditions a we-ak .Merintion of 
alkali was sis cfrective for tlu' puipose.-* i]i hand as n, 
strong soluthm a,nel tliat the time- veeiuire-d fen- it.s 
action Avas e:e)eu]»arati\riy shetrt. In spite* of the 
fact that by his proe-e.ss .hnai washing oft lie; .straw 
is :raqinind, ihe< ine-tliod is so simple- and sej e-eejiio- 
mfoal that it ((ukildy .snporsc-eb'd edl the' other.s. 
The liyelrolysis of tin' straw is carrieel out with 
e-ight time-.s its we-ight of I-.") pen- cenit .solution of 
cu¥u.siic soda foi' tlu-eo heeiirs, the* Huid i.s then run 
off and the* ressiehie; wemlieed wit;]), wat.er until it is 
neutral to litauns. The- re.sulis of f<*.(‘<!ing trials, 
dige,siibility and metabolism (-xperimemts sliow 
that, in geaierah for ruminants, the nature- of tlui 
improveinemt in friod valm- is iji the tngion of JOG 
pri’ cent. 

Hydroly.sis e;!’ straw fjau be; acconixffished with 
material otlu-r Iha^i cau.stic soda — .such, for inst- 
aiice, as calcium liydroxieh; a,ud sodium ea.rbouate, 
or by acids sucJi as livelroeihlenlc, .sulpliuric or 
nitric. Lime anel sodieun carbonate are consider- 
ably loss effeestive- than sodium Jydroxide unless 
heat i.s used, wdicn their action compare, s very 
favourably witli that of causti,c soda. The action 
(jf the aoid.s is ne^t sufficient in, any case to make 
their use worth while?. 

Today Be.clvmann^s proces.s is being experi- 
mentally operated on many farms in Britain, and 
feeding trials on ruminants are also being conduct- 
ed under the auspices of the Agrioultural B,(,‘.searc]x 
Council. The re, suit f)f these trials and in parti- 
cular the reporte on tin,; ,suitabilh\" of the-; i)roee;ss 
to English farm conditions may bo of some ienpent- 
anoe. The plant most ge-.m;rally aeiopted is one of 
two devised by Imperial Ciiemiical Indu.strie-s, Ltd. 

One of these oon.sist,s of twin co.ucreto basitis into 
either of which is placed tlie cliopped straw, both 
while it is being subjf-oted to the action of the 
caustic soda and while it is being washed. After 
the straw has soaked sufficiently i;n a 1 • 25 per ' cent 
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^ sodium hydroxide solution, a volume of fresh water 
is run on to it until the basin is brimful. The 
heavy caustic solution lies practically undiluted at 
the bottom of the basin and is now by a simple but 
ingenious system of piping syphoned off to the 
neighbouring basin for use on the next consign- 
ment of straw, while the head of water which has 
permitted the syphoning of the soda is diverted to 
an outside channel as is the w’ater vpith which the 
, straw continues to bo washed until it has lost all 
feeling of soapiness. That process may take from 
one to three hours, depending upon the rate at 
which the watoi' is being passed through. The 
straw is then fit for immediate feeding, but is 
" usually alloTtved to drain for an hour or t-wo in order 
to get rid of siu’plus fluid. The caustic solution 
which lias been syphoned into the second basin 
is made up to the original strength and volume and 
tlie process is repeated. 

The other type of plant is yet more simple, but 
involves a somewhat greater amount of work. It 
consists of two tanks separated by a drainage 
- platform. After the chopped straw has been 
soaked in one tank it is ladled on to the platform 
from where the surplus lye runs back to the tank 
from where it w'as lifted. The straw' is then shovel- 
led into the second tank, where it is washed by 
successive steepings in water or by a continuous 
stream of water. Again, it is generally found to 
be advisable to drain the surplus liquid from the 
straw before feeding. In either plant there is some 
difficulty experienced in the initial soaking, but 
that is overcome by means of sectional wooden 
■ frames over which half-inch wire netting is spread. 

These are placed on the straw, and with the help 
of heavy concrete weights they press the straw 
\ , down into the solution. 

The action of the caustic solution on the straw 
is most intensive for a comparatively short period 
during the first hour or two. Beckmann himself 
considered that three hours was the optimum time 
for soaking, but the process of digestion actually 
continues after the first three hours, although pro- 
gress then is very slow. In practice it often proves 
convenient to soak the straw overnight and wash 
it first thing in the morning. The process will 
certainly have gone as far as desirable by twenty 
hours with the temperature at 45°!'., but if the 
weather is cold and the temperature at, say, freez- 
. ing.point, the straw must be exposed to the action 
^f the salt for very much longer if the same degree 
b'f digestion is to be attained. As indicated, 
however, something considerably short of tw'onty 
hours is sufficient for practical purposes. 

The amount of water required for washing is 
about four gallons for each pound of straw. The 
time required to handle 200 lb. of straw by one 
mW thre('-qujui,ers of an hour. The all-in cost 


m 


of the treatment at present pjices in Britain is in 
the region of £3 per ton. 

The straw' is generally fed in the w'et state and 
wdieii stock have once become used to it they eat 
it readily. Some animals take to it at once, but 
other individuals come to it moj'c slowly. We 
have, however, seen cattle, coming straight from 
good gazing, accept the pulped straw almo.st 
immediately, and we have seen horses accustomed 
to good rye.gi’as.s hay readily accept the treated 
straw' in its place. There is, however, no reason 
on the score of palatahility why the straw should 
not be di'ied and stored. ‘During the drying pro- 
cess, however, w'hen the material is damp rather 
tnan w'et, it is liable to ferment and become 
musty, but once that stage, so favourable to the 
growth of moulds, has passed the treated straws mil 
keep as well as it did before treatment. 

As already indicated, the treatment more or less 
doubles the starch equivalent value of the straw 
for ruminants— that is, it brings the energy-produc- 
ing value of oat straw up to level of that of the 
cereals , and of wheat straw to that of really good 
hay. It is probable that for horses the value of 
the straw is^ raised relatively more than it is for 
ruminants ; in fact, a digestibility experiment with 
these animals showed that a poor barley straw 
with a starch equivalent as low as 6-5 per cent 
was raised to an equivalent of 20*2 per cent which 
brings it to the comparative value of poor hay. 
As a food, however, its almost complete lack of 
protein must be remembered and that deficiency 
must be made good by a supplement. In Germany 
in [Fingerling 1917] horses fed solely on such a 
mixture maintained good condition while being 
subjected to hard work, while in 1919 hydrolized 
wood meal with a protein supplement was 
substituted for hay and even for oats with 
satisfactory results. [EUenberger 1919] We 
have found that resting horses maintained 
their condition over a period of four months during 
which caustic-treated straw took the place of hay. 

So far as we know, progress in the methods of 
treating straw on a farm scale so as to overcome its 
natural indigestibility rests at the- stage to w'hich 
Beckmann brought it. Some refinements have 
been added, but the principles remain substantially 
unaltered. In practice, there are many difficulties 
connected with it, but niost of them have been 
exaggerated in prospect and have disapj)eared on 
acquaintance. One iinacciistomcd to the work 
would immediately question the advisability of 
allowing the free use of such potentially dangerous 
material as caustic soda, both to humans and to 
stock, but a few simple precautions overcome the 
difficulty and no real objection to it is over offered 
by those using the material. More serious objec- 
tions are those made on economic grounds — ^the 
cost of soda, the necessity of washing and the 
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amount of water used, the cost of chopping the 
straw and the difiaeulty of handling such bulky 
materia], the cost of the plant, etc. The answer 
to these objections lies either in the monetary value 
of the final xn-oduct or in the necessity of producing 
the food irrespective of its cost. Let us say at 
once that it was xn'obably the latter consideration 
which stimulated the intensive research on the 
subject w'hich was carried out in Germany during 
the last war, and that even Beckmann’s process is 
unlikely to XJrove economical in times of plenty, 
when natural highly nutritious forage is at liand in 
abundance. It is not difficult, how^ever, to visua- 
lize conditions either in ww or peace when Itie 
treatment of straw for food might become of great 
importance, A shortage of fodder may be secon- 
dary only in time of a shortage of food for man, 
and it is not an infrequent companion of an army, 
even a mechanized one — in fact, one may say that 
it is sooner or later inevitable in a war zone. But 
even in peace time the conditions following natural 
calamities may make it of vital importance that 
material on the spot should be exploited to the fuU. 
Even under normal conditions, such as ap|)ly in 
certain districts of Asia and Africa where straw is 
relied upon to a large extent to maintain an enor- 
mous head of cattle over the greater part of the 
year, a process of treatment might find a place, as 
that of Beckmann does in Europe. 

In our own sphere is it not conceivable that an 
economic method might be evolved whereby the 
grass straw issued under the flattering term of 
‘ hay ’ to the Army in India might have its value 
increased so that it did more accurately answer to 
its official designation ? That the term ‘grass 
straw ’ is more appropriate to such forage than 
‘ hay ’ or ‘ grass hay ’ will be conceded by all 
those who are familiar with the methods by which 
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it is saved. If there should be any doubt as to its 
true nature the chemical analysis and the digesti- 
bility trials conducted by Lander [1937] will 
dispel it. Calculated on his data, the hay from 
military grass farms in the Punjab has the 
foUowing composition : 

Chemical anali/s'is Digestible mUr if tents 

Grade protein . . . 4-4 1 • 6 

Fat , . ■ ■ 

Soluble carbohydrates 
Fibre . . 

Ash . . . 

The starch equivalent of hay at eleven of the 
principal stations in India, according to Sen, 
[1938] is 21*5 per cent. The same author found 
wheat bhoosa to have a starch equivalent of 22 • 1 
per cent. These figm’es apply to ruminants and 
their equivalent for horses is x^robablj^ much lower. 

It would, of course, be quite wrong to suggest 
that methods of treating straw which are ax^pli cable 
to temperate climates w^ould also be suitable in 
the tropics. The shortage of water and often the 
shortage of fuel alone make conditions quite differ- 
ent, but, on the other hand, the density of animal , 
pox3ulation at certain centres, the necessity 
maintaining them on straw" throughout the year, 
and the abimdanee of labour, among other consi- 
derations, allow one to suppose that attempts to 
evolve a system suitable for such localities might 
be worthy of consideration. 
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REPORT ON PHENOTHIAZINE AS AN ANTHELMINTIC IN HORSES”'' 

By T. Grahame, D. 0. Morgan and J. E, N. Sloans 
(Reprinted from the Veterinary Record, 'Yo\. 52, No. 36, September 7, 1940) 


Object of investigation 
The object of the investigation was to determine 

(1 ) The efliciency of the drug as an anthelmintic 

(2) A simple method of administration of the 

drug. 

(3) The reaction of the animal to the drug. 

(4) The minimum effective dose. 

Selection of animals 

The first hatch of horses examined had been in 
the barrack stables sometime prior to the out- 
break of the war. 

* An investigation conducted under the co-ordination 
of The Helminths Committee (Animals Section) of the 
Agricultural .Research Council. 


The subsequeht examinations were made on 
remounts ; these horses were from units in various 
parts of England and Scotland and the majority 
had been newly acquired by the Army. 

Each animal was subjected to a routine examina- 
tion and weighed, and special attention was x>aidi- 
to the teeth faeces and blood. The drug was noh 
given to any animal that show'ed any deviation 
of temperature or pulse. 

Apparent poor condition was not always an 
indication that the animal had a high infestation of 
helminths, and, conversely, neither was good 
condition invariably an indication of a low infes- 
tation, It was discovered that many of 
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debilitated poor ‘ doers ’ had a low or almost 
^ negative count, whereas many animals which 
appeared to be in ‘ good condition ’ were heavily 
infested ; these animals were treated. 

Practically all the horses, whether in good or 
bad condition, improved and gamed hi weight 
following the administration of the drug. 

All the animals chosen were infected with 
strongyles and occasionally with ascarids. 

I Administeation oe the detig 

The data on the use of phenothiazine as an 
anthelmintic in the horse is somewhat scanty, and 
the dosage, method of administration, etc. re- 
quired further investigation. The first doses 
given in the present series were based on 5 gm. 
per 50 lb. body weight, which usually worked out 
at approximately 100 gm. for the average 
cavalry horse. , 

One hundred gm. of phenothiazine is a 
bulky mass and its administration offered a 
problem. The powder is not miscible in water, 
but may be suspended and given by stomach tube. 

The administration of the powder in the food 
was tried with success. The procedure was to 
feed a bran mash mixed with treacle, followed at 
the next meal by a similar feed with which the 
powder was mixed. Some animals reluctantly 
ate the mixture, while others, especially the 
‘ particular feeder,’ left it. The following method 
was found to be the most satisfactory. The 
animals were made to miss a feed, and then an 
ordinary bran mash containing the powder was 
given. In almost ©very case the feed was eaten, 
and there was no difficulty when a little boiled 
oats was added. 

It was the usual practice to treat the animals 
I at the week-end, missing the Saturday morning 
■ feed and giving a meal containing the powder at 
the mid-day feed. In this manner the usual routine 
of work was not interfered with. The animals 
were at their usual work on Monday, having 
suffered no apparent inconvenience. However, to 
prevent the working of any horse that might be 
particularly sensitive to the action of the drug, 
each animal was examiined every morning for a 
week subsequent to the administration of the 
medicine. 

Reactions of the deug 

Some interesting observations were made which 
seem to have a bearing upon the distribution and 
, possible ‘ breakdown ’ of the drug iii the body 
system, although some horses showed little or no 
departure from the normal. 

(1) The conjunctival mucous membranes were 
stained a yellowish colour and occasionally the 
mucous membranes of the mouth and anus were 


aimilariy coloured. The yellow coloration ap- 
peared after 24 hours and sometimes became more 
intense, but gradual^ faded out. In some, the 
coloration disappeared in a few days, but in others 
it persisted for seven to eight days and even longer. 
The mucous membranes of the mouth and anus 
were stained a faint yellow, very much less intense 
than that of the conjunctiva, 

(2) The urine of some horses was viscid 
and coloured a reddish brown. Attention is 
drawn to this condition by the staining of the 
bedding and floor of the stable, and by the red- 
bespeckled hind limbs, especially noticed when 
the limbs hhve white markings. 

The coloured excretions may persist for two to 
four days. In several animals, the urine remained 
coloured for several days before a clearance was 
effected. 

Those unaware of this action of the drug might bo 
alarmed and consider the reaction unfavourably. 
Analysis of the urine did not show any unusual 
ingredients, other than might be expected from the 
‘ breakdown ’ of the drug. 

Technique. To measure the anthelmintic effi- 
cacy of the drug, egg counts were carried out 
before and after dosing. 

The modified stoU dilution method was used 
throughout: 6 gm. of faeces were weighed out 
into a Jar graduated at 75 c.c. and K.IO NaOH 
added up to the 75 c.c. mark. The sample was 
left overnight to soften, and after shaking and 
sieving to remove coarse debris, 0*15. c.c. was 
removed by means of a Macdonald pipette. All 
the eggs in the 0-15 c.c. were counted and the 
process was repeated three or four times, and the 
average count taken. The figure obtained, 
multiplied by 100, gave the number of eggs per 
gm. of the original sample. Eggs of Pamscaru 
^quorum were counted separately from those of 
strongyle worms. The faeces were taken direct 
from the rectum of each horse. 

Explanation of Tables. Where a count of 30 
eggs appears in the tables, this indicates that only 
one egg was seen in the three slides examined. A 
plus sign in the tables indicates that no eggs were 
found by the above counting technique, but that a 
concentration method using about 5 gm. of 
faeces revealed a few eggs. 

Owing to the transfer of horses, some irregularity 
occurred in respect of the intervals of time between 
the three counts after dosing. In Tables I, II, III, 
VII and VIII, the counts were made at approxi- 
mately two, four and six weeks after dosing, and 
in Tables TV, VI, IX. and X at two, three and four 
weeks. In Table V, only one count was obtained, 
and this was taken at four weeks. In every case 
where a third count was obtained, it was taken at 
not less than four weeks after the date of dosing. 
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Table I Table III" 


Results obtained froni, the administration of 100 
(jni. of phenothiazine pouoder 


i hu’Sii 
No, 

Ago 

St.rongyle oggs per gm. 

(JouiiL 

(.{o.^iug 

Lsfc 
count 
after 
do, sing 

2nd 

count 

after 

dosing 

3rd 

count 

after 

dosing 

Aas 

11 

1,000 

0 

0 

330 

A8t) 

II 

1,400 

0 

0 

230 

A42 

6 

S50 

0 

0 

+ 

A40 

8 

500 


+ 

130 

A47 

.8 

.1,000 

0 

0 , 

60 

A50 

i) 

000 

0 

0 

30 

.. A52 

6 

1,050 

0 

0 

60 

A79 

15 

1,200 

0 

0 

30 

A8G 

11 

750 

0 

0 

360 

A8!) ; 

8 

800 

-h 

-1- 

160 

AUJ , 

6 

800 

-1- 

+ 

-1- 

Aim 1 

!) 

1,500 

+ 

+ 


B4(s i 

1(1 

600 

0 

0 

0 

15^14 

B4(i 

7 

400 

0 

0 

0 

i) 

1,000 

+ 

30 

00 

130 

B51 

6 

200 

+ 

30 

BC4 

8 

1,330 

0 

+ 

30 

358 

8, 

830 

1 30 

00 

200 

B5i» 

8 

1,400 

0 

0 

.p 

B08 

8 

00 

0 

0 

0 

BBt) 

■ 6 

1,100 

0 

0 


B7B 

8 

000 

H- 

+ 

4- 

B72 

7 

000 

0 

0 

00 

B7B 

15 

400 

0 

0 

+ 

B7<> 

14 

, 1,780 

0 

0 

200 

B77 

12 

450 

0 

'h 

OO 

C'Oi) 

14 

1,300 

230 

200 

200 

061 

7, 

1,360 

+ 

+ 

00 

30 

C66 

15 

1,430 i 

"i" 

' +■ 

C70 

12 

1,200 1 

0 

0 

'1- 

:d2 

8 

030 

0 

30 

-1- 

130 

D;!8 

10 

250 

+ 


D36 

6 

1,000 

+ 

+ 

100 

D45 

[) 

070 ' 

0 

0 

+ 



070 1 

+ 


+ 


Table II 


Results obtained from the administration of 95 rjm. 
of phenothiazine powder 




1 Wtrongyle eggs per gm. 

.l-lorji<j 

■ No. 

Ago 

Oumit 

before 

dosing 

Ist 

count 

after 

dosing 

2nd 

count 

after 

dosing 

3rd 

count 

after 

dosing 

C5!) 

: ■■■^€72 . ' ■: 

075 

15 

i ■ H ■ 

15 

' 2,5(»0 

1,(010 
1,030 

r 0 

0 

0 

0 

0 

+ 

130 

+ 

+ 


Results obtained from the administration of SO 
gm, of phenothiazine powder 


!^t.roii.g-ylo tiggs pcii- giii. 


Horse 
No. , 

Age 

(Join it 
before 
tioaing 

lat 

count 

after 

tlosiug 

2nd 

count 

after 

dosing 

3r(l 
count 
after 
do.sitig . 

A44 

7 

; 900 

0 

0 


B63 

S 

I 1,000 

-h 

1 +■ ■ 

130 

B76 

0 

560 


-i- 


B8 

9 

630 

330 

200 

2o'o 

D40 

10 

700 

0 

■0 - 

230 


Table I\^ 

Results obtained from the administration of d JL 
oz. Phenovis-72 gm. of phenothiazine poioder 


Horse 

No. 

Age 

8trongyle egga |;)er grn. 

Count 

boibre 

do.“.ing 

1st 

count 

after 

dosing 

2nd 

count 

after 

dosing 

3rd 

count 

after 

(losing 

A7 

10 

1,200 

0 

0 


A33 

13 

60 

0 

0 

60 

. A48 

6 

1,300 


-)- 


A56 

7 

600 

■ f) 

0 


A59 

13 

:50u 

0 

0 

j^. 

A73 

10 

500 

0 

<) 

(> 

A75 

8 , 

800 

(.1 

0 

0 

A70 

6 

500 

0 

0 

0 

ASO 

15 

830 

0 

() 

0 

A84. 

12 

500 

0 



A92 

12 

560 I 

0 

0 

0 




Table V 

Results obtained from the administration of 60 
grn. of pthenothia-zine powder 




te'trongylo e 

ggs per gm. 

]J.ors{} 

No. 

Ago 

Count before 
(losing 

Count aftoi’ 
(l.o,‘;!irig 

1131 

9 

1,000 


B35 

15 

300 

KiO 

B39 

10 

130 

3(,‘ 

B41 

S 

700 i 

0 

0 

B42 

15 

J,li30 

B43 

9 

(>60 ’ 

;io 

B4i) 

8 

500 

B52 

6 

730 

30 

B55 

11 

820 

30 

B57 

14 

800 
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Table VI 


Results obtained from ike administration of 3fl. oz. 
Phe7iovis-62 gm. of phenothiazi'iie powder 


Horse 

No. 

Aiie 

, Strongyie eggs per gtn. 

■ Cuimt', 
before 
(losing 

1st 

attev 

.losing 

2nd 

1 (iount 
after 
dcsirig 

3rd 

count 

after- 

dosing 

Al>4 

6 

1.20 

0 

0 

0 

A72 

8 

5()0 

0 

0 

0 

By 

8 

1,100 

00 

00 

60 

Bi3 

12 

800 

0 

0 

0 

B18 

12 

1,000 

+ 

4 - 

60 

B21 

8 

300 

+ 

-r 


B23 

11 

800 

0 

0 

-'r ■■ 

B27 

10 

1,430 

0 

0 

0 

B29 

9 

2,400 

0 

0 . 

0 

B37 

12 

800 

+ 

30 

30 

D85 

15 

1,800 

0 

+ 

300 


Table VII 

Results obtained fro7n the admvmistration of 3o gm. 
of phenothiaz ine po wder 


Horse ^ 
No. 

Ago 

Strongyle eg 

gs ger gin. 


Count 

before 

do.siug 

' ' 1st 
count 
after 
dosing 

2nd 

count 

after 

dosing 

3ril 

count 

after 

dosing 

D81 

jO 

1,000 


. -1- 

120 

D83 

s 

2,000 

320 

520 

1,120 

D84 

8 

2,000 

0 

0 

200 

D80 

7 

1,520 

0 

0 

00 

D87 

' 

7 

1,000 

,0 

0 

120 


Table VIII 

Results obtained from the administration of 30 
gm. of 'phenothiazine powder 


Horse 

No 


Strongyle eggs per gnr 


Age 

Count 

before 

dosing 

1st 

count 

after- 

dosing 

2nd 
count 
after 
lies lug 

3r-d 

count 

after- 

dosing 

i)m 

S 

1,400 

0 

0 

120 

DO I 

10 

1,200 

0 


200 

092 


1,000 

0 

0 

Destroy- 

ed. 

D93 

U. 

1,120 

0- 

00 

120 

C50 

9 

800 


60 I 

320 


Table IX 


Results obtained from the administration of 26 
gm. of plmioihiazme 2>owder 


House 

No. 

Age 

Strongyle eggs per gin. 

Count 

before 

dosing 

1st 

count 

after 

do.sing 

2nd 

count 

after 

dosing 

1 

3rd 

count 

after 

do.sing 

C37 

14 * 

2,800 

120 

120 

600 

065 

7 

2,000 

400 

520 

720 

C71 

7 ' 

1.320 

00 

00 

OOO 

G72 

10 

1,400 

320 

320 

400 

C77 

15 

1,060 

00 

60 

400 


Table X 


Results obtained from the administration of 20 gm. 
of phenothiazine powder 


Horso 

No. 

Ago 

Strongyle eggs per gm. 

Count 

before 

dosing 

1st 

count 

after 

dosing 

2nd 

count 

after 

dosing 

3rd 

count 

after- 

dosing 

D49 

10 

1,400 

320 

460 

660 

■ Cl ■ 

10 

1,320 

520 

860 

■ 800' 

015 

0 

860 

400 

620 

460 

C21 

0 

1,060 

120 

400 

400 

C24 

’ 1 

1,200 

60 

60 

1 

60 


Table XI 


The foUowmg Table is compiled from the •preceding 
tables and gives egg counts for Parascaris equorum . 


Horse 

No. 

Age 

.Ascaris eggs per gra. 

Count 

before 

dosing 

1st 

count 

after 

dosing 

2ud 

count 

after- 

dosing 

3rd 

count 

after 

dosing 

A42 

6 

330 

0 

0 

0 

A52 

6 

liO 

0 

0 

(1 

A64 

6 

30 

, + 

+ 

30 

A86 

11 

6U 

0 

0 

.30 

A91 

it 

30 - 

0 

0 


B54 

8 

30 

0 

0 

0 

B59 

8 

, 60 

0 

(1 

0 

B6S 

8 

60 

u 

0 

0 

B77 

12 

30 

130 1 

60 

(1 

D28 

10 

100 

60 

30 

30 

D36 

6 

50 

100 

100 

30 


68 PhenotMazine as an AnthelniinUc in Horses 


Table I 


Results obtained Jrum the administration of 100 
grti. of plienotUazine powder 


No. 


rttroiigyle ogg.s per gin. 

.Vgo 

Coimt 

before 

dosing 

1st 

count 

after 

dosing 

2nd 

count 

after 

dosing 

3rd 

count 

after 

dosing 

Aija 

11 

1,000 

0 

0 

330 

AaSJ 

11 

1,400 

0 

0 

230 

A^ 

(5 

850 

0 

0 

d~ 

A 40 

8 

560 

+ 


130 

Ail 

8 

.1,000 

0 

0 

60 

A50 

a 

600 

0 

0 

30 ' 

AA2 

6 

1,050 

0 

0 

60 

Alii 

15 

1,200 

0 

0 

30 

A8« 

11 

750 

0 

0 

360 

A Si) 

8 

800 

+ 

d- 

160 

ADI 

6 

800 

+ 

d- 

-1- 

.ADD 

0 

1,560 

+ 

d- 

d- 

U4D 

10 

600 

0 

0 

0 

TjU ' 

7 

1 400 

0 

0 

0 

B4(i 

!) 

1,060 

d- 

30 

60 

B51 

6 

260 

+ 

30 

130 

BC4 


1,330 

0 

d- 

30 

'BOS 

8 . * 

830 

30 

60 

260 

B5i) 

B 

1,400 

0 

0 

d- 

‘BCH 

8 

60 

0 

0 

0 

Bm 

6 

1,160 

0 

0 * 

d- 

B7D 

8 

600 

+ 

d- 

+ 

B72 

7 

600 

0 

0 

60 

B7;5 

15 

460 

0 

0 

d- 

B7(i 

14 

1,780 

0 

0 

260 

B77 

12 

450 

0 

+ 

60 

0(5)) 

U. 

1,300 

230 

200 

2(50 

061 

7 

1,360 

+ 

d- 

60 

06(5 

15 

1,430 

+ 

' d- 

30 

070 ^ 

12 

1,200 

0 

0 

d~ 

D-2 

S 

630 

0 

30 

130 

i)2S 

10 

2.50 

d- 

d- 

d~ 

□36 

(5 

1,000 

-j- 

+ 

loo 

□45 

D 

DTO 

0 

0 

d- 

t.b.d. 

- . 

970 

d" 

+ 

d- 


Table II 


Results ohtamad from the administration of 95 gm. 
of phenothiazine powder 


ilor.'iL' 

No. 

Ago 

1 Htrongyle eggs per gm. 

(.’omit 

before 

dosing 

Isfc 1 
count 1 
after j 
dosing 

2nd 

count 

after 

dosing 

3rd 

count 

after 

do.sing 

□5D 

15 1 

2.500 

0 

0 

130 

(•72 

11. 

.1,030 

0 

0 

d- 

U15 

: 10 

1,030 

0 

d- 

+ 


Table III 


Results obtained from the administration of SO 
gm. of phemihiazime powder 


Horse 

No. 

Ago 

Strongj'le 

egg.s })C)r g 

m. 

□(mill. 

lioforc- 

dosing 

1st 

count 

after 

dosing 

2ud 
coni it 
, after 
, dosing 

3rd 

; count 

1 aft.or 

1 do.sing 

A4.4 

7 

960 

0 

0 

-1- 

B63 

8 

1,060 

+ 

d- 1 

130 

B75 

6 

560 

+ ! 

d' i 


B8 

9 

630 

330 

2(.)0 

260 

D49 

10 

700 

0 

0 

230 


Table IV 

Results obtained from the administration of 4 JL 
oz. PhenoviB-72 gm. of phenothmzine powder t 




Strongyle egg.s per gni. 

Hor.se 


Count 

Lst 

2ud 

3rd 

No. 

Age 

before 

count 

count 

count 



dosing 

after 

after 

after 



dosing 

dosing 

dosing 

A7, 

10 

1,200 

0 

0 

0 

a:i3 

13 

(>(.) 

0 

0 

60 

. A48 

(5 

1,300 

»j. 

d- 

d' 

A56 

7 

600 

1.) 

0 

0 

A59 

13 

300 

0 

0 

d- 

A73 

10 

500 

(,) 

0 

0 

A75 

8 

800 

(,» 

0 

0 

A7(5 

6 

500 

0 

0 

0 

ASO 

15 

830 

0 

0 

0 

A 84 

12 

500 

0 


..j.. 

A!) 2 

12 

660 

(1 

(.) 

0 


Table V 

Results obtained from the administration of 60 
gm. of phenothiazine powder 




1 iStrongyle eggs per gin. 

1 Loi'fsc 

No. 

Age 

( mint bei'ore 
dosing 

( immt after 
dosing 

L_. 

B31 

9 

1,(.M)0 

-30 

B35 

15 i 

300 

160 

;B39 

10 1 

130 

30 

B41 

■ ' . ■ 8 i 

700 

0 

B42 

15 

1,630 

0 

B43 

!l 

660 

. 30 

B49 

8 

500 1 

0 

■ B52 

6 

' 730 1 

30 

B55 

il 

820 i 

30 

B57 

14 

800 j 
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Table VI Table IX 

liesuUs oU(unedJrom the administration of 3 Jl. oz. Results obtained from the administration of 
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Phenovis-i)2 gm. of jdienothiazine powder 


gm. of phemiMazine pmvder 


Horse 
No. ■ 

1 

Age 

1 btrougyle eg] 

gs per gm. 

Count 

before 

dosing 

1st 

count 

after 

dosing 

2n.d 
count 
after 
i losing 

3rd 

count 

after 

dosing 

A64 ■ 

6 

120 

0 

0 

0 

■■ A72 j 

8 

560 

0 

0 

0 

BO 

8 

1,100 

60 

00 

60 

1312 

12 

800 

0 

0 

0 

B18 

12 

1,000 

-j. 

■■'t ' ^ 

60 

B2i 

8 

200 

-i- . 


■' '+■ 

B22 

11 ! 

800 

0 

b 

+. 

B27 

10 

1,420 

0 

0 

0 

B20 

0 

2,460 

0 

0 . 

0 

B27 

12 

800 

-i- 

20 

20 

DS5 

If) 

1,860 

0 

4- 

360 


Table VII 

Results obtained from the administration of o5 gm, 
of ■phenothiazine powder 


Horse 

No. 

Ago 

Ktrongyle eg 

gs gor gin. 


Count 

before 

dosiiig 

1st 

count 

after 

dosing 

count 

alter 

dosing 

2rd 
coil tit 
tiftor 
dosing 

D81 

10 

1,600 

_j. 

-1- 

120 

D82 

8 

2,060 

220 

020 

1,120 

D84 

8 

2,000 

0 

0 

200 

D86 

7 

1,020 

0 

0 

60 

D87 

7 

1,01)0 

0 

0 

! 20 


Table VIII 

Results obtained from the administration of 30 
gm. of pdienothiazine powder 


Horse 
^ No. 


D90 

D{)i 

D!»2 

D9:i 

C50 


Age 


Strongjde eggs per gm. 


Count 

before 

dosing 


1,400 

1,200 

1,000 

1,120 

SGO 


1st 

ooimt 

after 

dosing 


2nd 

eoimt 

after 

•losing 


.‘Ird 

count 

after 

dosing 


120 
260 
iDestroy- 
ed. 

120 

220 


Horse 

No. 

Age 

ytroiigyie eggs per gm. 

Count 

before 

dosing 

1st 

count 

after 

dosing 

2nd 1 
count 
after 
dosing 

2rd 

count 

after 

dosing 

C37 

14 

2,800 

120 

120 

600 

C65 

7 

2,000 

400 

520 

720 

C71 

7 

1,220 

60 

60 

600 

G72 

10 

1,400 

220 

220 

400 

C77 

15 

1,060 

60 

60 

400 


Table X 

Results obtamed from the administration of 20 gm. 
of phenothiazine powder 


Horse 

No. 

Ago 

Strongyle eggs per gm. 

i tlount 
before 

1 do.sing 

1st 

count 1 
after 
i dosing 

2nd 
count 
after 
dosing I 

2rd 

count 

after 

dosing 

D40 

10 

1,400 

220 

460 

660 

Cl 

10 

1,320 

520 

860 

800 

Cl 5 

6 

860 

400 

520 

460 

C21 

6 

1,060 

120 

400 

400 

C24 

7 

1,200 

60 

60 1 

60 


Table XI 

The following Table is compiled from the pmceding 
tables and gives egg counts for Paxascaris equorum - 


Hor.se 

No. 

Age 

A.scaris eggs per gm. 

Count 

before 

do-sing 

1st 

count 

after 

dosing 

2nd 
count 
after 
dosing 1 

3rd 

count 

after 

dosing 

A42 

6 

220 

0 ' . 1 

0 ! 

0 

A52 

6 

■60 

0 1 

0 

0 

A64 

6 


-1- 1 

+ 

30 

A86 

11 

! 60 

0 

0 

30 

A91 

6 

30 

0 

0 

■ () 

B54 

8 

20 

0 

0; 

0 

B59 

8 

|, 60 . 

0 

0 

i O' 

B6S 

S 

1 60 

0 

0 

1 0 

B77 

12 

20 ■ 

130 

60 

.0 

D28 

10 

100 

60 

20 

30 

D36 

6 

50 

100 

i 100 

30 
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Discussion 

After doses ranging from 30 to 100 gm. the 
first two egg- counts were negligible, eSieept in 
a very few cn,ses. In tlie third count, ou tho other 
hand, a slight rise %vas found in the majority of 
cases. This figure however, is very small in 
comparison with thi; count before dosing and is no 
more than might be expected in view of the lapse 
of time between the times of dosing and the third 
count. The increase may be explained by the 
maturing of larvae which were in the tissues at 
the time of dosing, and which had returned to the 
lumen of the gut in the interval. 

Doses of less than 30 gm. however, did not 
produce comparable results, although a notable 
reduction in the egg-count was recorded, for the 
25 gm, group of approximately 80 per cent, 
and for the 20 gm. group of 40 per cent. In 
these two groups the second and third egg-counts 
show a rapid increase, and it would seem that 
while the drug did not kill all the worms, neverthe- 
less it affected the egg-laying activities of the 
female, for a period of nearly three weeks. 

On the evidence set forth in the above table 
the minimum effective dose is considered to be 
approximately 30 gm. 

Only 11 horses of the total of 95 treated, har- 
boured Parascaris equomm, and infestations were 
light in al cases. No definite conclusions can 
therefore be drawn from these observations con- 
cerning the value of the drug against this parasite, 
and although the egg-counts from six of the 
animals were negative after treatment, the other 
results were erratic. 


Conclusions ~ 

|1) It would appear from the results given in the 
above tables of egg-counts and from the improve- 
ments observed in the general condition of the 
animals treated that phenothiazino has distinct 
merite as an anthelmintic for strongyles in horses. 

(2) The average weight of the houses treated, in 
the above experiment was approximately 1,000 
lb., and the effective minimum dose was 30 
gm. This represents 1 gm. of phenothiazine 
per 33 lb. of body weight. 

(3) In view of the fact that phenothiazine may 
he given in the feed of the horse with little previous 
preparation of the animal it has obvious advant- 
ages over drugs requiring long preliminary fasting 
and more elaborate methods of administration. 

(4) No evidence was obtained of any untoward 
reactions, and although slight malaise was observed 
in two or three animals, this may have been due to 
individual idiosyncrasy. 

(5) The drug has the additional value that it 
does not interfere with the normal working of the 
horse. 

(6) The foregoing conclusions suggest that 
regular periodic dosing with phenothiazine might 
provide a safe and easy method for the control, 
if not the complete eradication of strongyles in 
horses. 

AcKNOWLEDaSMENTS 

We desire to express our thanks to Lieut.«0oL 
C. G. Barley, B.S.O., Commanding Officer, 3rd 
horse Cavalry Training Regiment, and to Major 
B. A. GiUmor, R.A.V.C., for the facilities to carry 
out this investigation. 


TREATMENT OF EQUINE STRONGYLOSIS BY PHENOTHIAZINE 

By R. H. Knowles, Major R.A.V.C., and A. V. Franklin, Major R.A.V.C., 

R. A. V. C. Laboratory, Alder.shot 


(Reprinted from the V eterhiary Record, 
At the suggestion of E. L. Tayloi*, B.V.Sc. 
B.V.H., M.R.C.V.S., Senior Research Officer 
of the Laboratory of tho Ministry of Agriculture, 
and Fisheries, Weybridge, it was decided to carry 
out trials at the Royal Army Veterinary Corps 
Laboratory to test the efficacy of the anthelmintic 
drug thiodipheiiylamine, also kiiowai as pheno- 
thiazine, for the freatment of strongylosis in 
horses. 

Thi.s drug has proved verj' effective against 
stomach worms in sheep and would appear to 
exert more effect than any preparation previously 
tried for the removal of worms from the large 
intestine of sheep. It was thought, therefore 


7o\. 52, No. 36, September 7, 1940) 
that phenothiazine might prove an efficient expel- 
lant of strongyles from the horse. 

Three horses were selected for these observa- 
tions : 

(1) No. TiO. Bay Mare, 7 years old. Rider. 

Condition moderate. 

(2) No. 47 . Bay Mare, 7 years old. Rider. 

Condition moderate. 

(3) No. 94313. Black Mare, aged. Rid(‘r. 

Condition poor. 

For the pm-pose of this ti-ial egg counts of the 
faeces wore made by Stoll’s metluxi before and after 
the treatment, and were cojitiuued fur 21 days 
after administration of the drug. The results of 
these counts are shown in table on next yage. 
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Becord of treatment uTid egg counts 


Subject 

Date 

Strongyle eggs 
per gm. 

Treatment and ronlarks 

Hoiac Xo. 





20-10-39 

600 



27-10-39 

600 


110 

30-10-39 

300 

60 gms. phenothiazine in 1 gallon warm water per stCmach 




tube. 


31-10-39 

200 

No parasites in faeces. 


1-11..39 

0 

Strongyhis edentatus and 8trongylus vulgaris persent in faeces. 


2-11..39 

100 

Do, Do. 


3-11-39 

0 

Do, Do. 


4-11-39 

0 

Do. Do. 


0-11-39 1 




to ^ 

0 

No parasites in faeces. 


20-11-39 J 



Horse No. 

26-10-39 

600 



27-10-39 

600 


47 

1-11-39 

300 

100 gms. phenothiazine in 1 gallon wai?m water per 




sto'mach tube. 


2-11-39 

900 

No parasites in faeces. 


3-n-.39 

100 

Do. 


4-11-39 

200 

S, edentatus and 8. vulgaris in faeces. 


5-11-39 

0 

No parasites in faeces. 


6-11-39 j 

0 

8. edentatus and 8 . vulgaris in faeces. 


7-11-39 '1 




to )- 

0 

No parasites in faeces. 


22-11-39 J 



Horse No. 

14-11-39 

100 



15-11-39 

100 


94313 

16-11-39 

200 

60 gms. phenothiazine in food. 


17-11-39 

100 

No parasites in faeces. 


18-11-39 

0 

Do. 


19-11-39 

0 

8. edentatus, 8. vulgaris and Trichonema in faeces. 


20-11-39 

! 0 

Do, Do, 


21-11-39 

0 

Do. Do. 


22-11-39 '] 




to ^ 

0 

No parasites in faeces 


7-12-39 j 




From the result of the egg counts as shown in 
the above table it will be noted that before treat- 
ment none of the horses gave very high counts and 
these animals were not regarded as acute cases of 
strongylosis. They were selected as the most 
suitable cases at our limited disposal for this 
observation. 

The phenothiazine was supplied by Br. Taylor 
in tablet and in pow^der form. In two instances 
the drug was administered by stomach tube and in 
the third by mixing with the food. When the 
tablets vere used these were finely ground before 
administration. 

On mixing with water phenothiazine tends to 
sediment rather rapidly, but we found that by 
keeping the suspension ccnstantly stirred during 
administration no sediment remained when given 
by the stomach tube. The dru was given in one 
gallon of warm water. 


The other method of administration consisted of 
mi xing the drug with food. For this purpose a 
quarter bucket of warm bran mash was prepared 
and the powder well mixed with it. 

Although the mare selected for this trial had been 
fasted for 24 hours previously she did not regard 
the feed favourably, ate about a third of the mash 
and refused to take more. When, however, a double 
handful of oats was added to the remainder of the 
mash she rather reluctantly finished it. 

It has been suggested that horses may be 
induced to take the drug more readily by giving 
them small amounts of treacle, hran and oats for 
a few days previously and then mixing the 
powdered drug with this food when it is readily 
taken. In further trials it is proposed to employ 
this method. 

As far as dosage is concerned, two horses 
received 60 gm. and one 100 gm. of phenothiazine. 
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The smaller doses, judging from the egg counts, 
appeared to he just as effective as larger ones, but 
as we were only dealing with comparatively 
light ijdVstations the same- rule may not apply to 
heavy invasions. 

No ill effects were noticed after administration, 
there was no softening of the faeces, no rise in 
iemperatnre and the appetite was unaffected. 

In each case three worm egg counts were carried 
out on separate days before administration. 

Eed-thiged urine was observed in each horse 
on the day after the administration, of the drug. 
This pigmentation disappeared in about 48 hours. 
The red coloration is due, not to the presence of 
blood, but to a colour reaction derived from the 
drug. 

The horses were prepared by fasting for 24 
hours before administration, after which they 
received only warm bran mashes for a further 24 
hours, and then reverted to ordinary diet. 

A naked-eye search for parasites was caiTiod out 
on all dung passed after the drug was given. No 
special apparatus was employed foj‘ this jjurpose 
the pellets merely being broken down and earo- 
fully examined. A few parasites w( re observed 
in all three cases, these appearing upon the seciond- 
or third day after administration and persisting 
until the fifth day. 

Specimens were despatched for classification to 
Dr. Taylor, who identified them ({.h Strongyles 
cdpmtotvfi, Strongylns mdgam a.nd Trirhorimn, 


In two of the lioi’ses two species of Strongyies were 
observed only, in the third horse all tlu'ce species 
were present. 

Egg couiit.s wej-e taken a.] id observations wei'o 
recorded for a. jieriod of 21 days aftc-r administra- 
tion. 

It will 1)0 seen, from the t a.bniat(‘d. record that in 
addition to the expulsion of adult worms tlie drug 
was com-|)]etely effective in removing ova of 
Strongylidac' from the* faceis, as in the counts 
taken prior to administration ('ggs were pi'csent in, 
at any rate, appreeiahle numbers. It must b(' 
noted that in our previous ('xperienees with the 
use of anthelmintic drugs for tlie tr<*atment of 
strongylosis of horses, although a reduction in the 
number of ova in the faeces was brought about after 
a time the number again increased. It will, there- 
fore, be necessary to make observations over a 
longer period than has been done in these experi- 
ments and to consider the advisability of giving a 
second or even a third dose of the drug. 

As an anthelmintic for stroiigylidae in liorses the 
results appear to be very encouraging and would 
jnstffy the carrying out of tj'ia.ls upon a more 
extensive' seak'. fn comparison witli, ot.lu'r an- 
thelminties usi'd foi- tlie ti'catnient of strongylosis 
in horses phenotbiazine ajrpears u]) to the 
present to have a. decided advantage in being 
harmless to the patient. 

The question as to ndi other or not a purgative 
coidd be usefully omjiloyt'd in combination with 
tliis drug is a matter for iurtber consideration, 
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Artificial iugemination and the veterinary surgeon 
with special reference to cattle. N. J. Scoegie 
(1943). V eterinary Eecord 55^ 5Q 

The basic reseai’ob leading to tlio modern development 
of artifleial insemination was first initiated by Eliok 
Ivenofl’, a Russian physiologist in 1899, as a result of 
which active work on this brunch of science in the field, 
which begun in 1923, made it possible for bi'eeding of 
millions of cattle, horses, goats and pigs in the U.S.S.R. 
Organized artificiul bleeding on lui-go scale collective 
farms in the U.S.S.R. was largely facilitated by conditions 
pocnlliu* to the Russian stock-raising system. As a 
result t.hereof in 1938, 50 million farm animals were, 
inseminated which greatly speeded up livestock improve- 
ment and the iniroduetion of new types. tSimilarly in 
Denmark, where the first eo-ojurative hi ectling society was 
formed, progress was recorded and in Itlay two institu- 
tions %vcre set up by Government to stndv'tho technique 
of the operations and associated problems. In Kenya 
a rapid extension of this method of breeding- took place 
in 1938-30 mainly wfith a view to lowering the pre- 
vivienc-e of genital diseases transmitted by coitus. At 
the end of 1941, 30 farms, with a total number of 15,00.3 
breeding females and 158 buJJs. were practising artificial 


breeding. These figures represented 23 per cent and 0*9 
per cent of the total cow and bull population. The prompt 
and widespread adoption of insemination had saved the 
dairy industry serious loss IVom genital diseasga. Out of 
these 36 farms, 24 farms invohnng”Tr'9r6 cows had 
adopted this practice because of the existence of infection 
in these herds, and the rest involving 3,093 cows, i.e., 
20-6 per cent of the total, and 40 bulls representing 25-3 
per cent foi- reasons of (>c<-)nomy of bidls. On an ax'erage 
1 '88 inseminations were required per conception. 

In the United States of America dairy cattle breeders 
have clearly rocognizcfl the o(‘ouoiruc b enefits and other 
advaiitiiges of artificial breeding, uiur almost witliont 
exeo]jtion lh<» Anuii'ican Asnoeiatioiis, whicli are .54 in 
mimhor spread over 22 Slates, hav(i arisen as a residt of 
real demand for this service by bleeders themsi'lves. 

The jirincijial oliject;: of arti/ii iul insemination are 
elassed under (<•/) livestock improvement, (h) ilisoase eon- 
trol and (c) brooding (.fficiency. Livestock improvement 
can 1)0 effected by the use of a limited number of first- 
elass bulls available for mating with many more times 
the number of females than would bo possible under 
natural conditions. For example, in Russia as many as 
1,538 cows were insemiu.-itcsl from the semen of one'bull 
in one yea, r producing 1,490 calves, and 15,016 owes were ^ 


^imiiariv mhtVm'mared with s’uciiUiisiul resultii. iJ’irst-oiaBB 
<;ires ill other words proven sires, whoso ability to trans- 
mit' desirable characters has been doterniined, are very 
W • for in dairy prac.Lice the majority of sires are never 
nroved owing to their destruction or decay before their 
become known. Generally a bull reaches tho 
-mA of f) or 6 years before oven the first of his daughters 
comes into production, and it takes a few more years 
before there is a sufficient number of daughters to inffi. 
cate his value 
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cases and tuo need for close scrutiny of breeding bulls to 
be used for fertijitj" and quality inciicate that the veteri- : 
nary burgeon, in virtue of his training and exporieiice, is 
ensiuciitiy suited to supervise tlie work of ornanized arfci- 
ficiii'l breeding. In Great Biitian there is evidence of 
growing interest amongst small breeders and dairy 
farmers as to the necessity of organized artificial breeding. 
This is borno out by tlie fact tliat two schemes for the 
formation of arbifitcial breeding centres at Cambridge and 
Reading have been approved by iho Ministry of Agricul- 
tm-e. Similarly private sclionies and those sponsored by 
breed societies are being launched in co-operation with 
the veterinary profession. [S.K.S.] 


cate ms a transmitter. With co-operative 

aUoificiai breeding, it has become possible to have a effi- 
cient numlior of daughters to prove a bull earlier than 
■ under natural conditions. Due to the progi-oss iitade m 
: i.he storage and transport of semen, the mating of widely 
separated animals has been brought within the realm of 
•■reality. 

' In the operation of artificial breeding, no matmg iuvolv- 
-inp actual contact of animals takes place, and. therefore 
the danger of dissemination of certain contagious disea,ses, 
viz trichomoniasis, infectious vagmitis,^ contagious- 
abortion and metritis, is entirely a%midod .Ai-tificial 

■iTicATvii nation under large-scale field conditions used ^ ^ 

”uional]y or in conjum^tion with expert diagno.sis by albimiin and proteose mtrogen was adopted for some 

T^■Lh^■■,rv suruoons can play an important role m the processed milks which gave the following results with the 

reproductory disorders of, mivcH V.ov<l ,nilk. nM-.o,oo.eniv,a,tinn of skim milk ano,. 

livestock. 

-Uoart from the control of venereal diseases ensured by 
the strict and regular examination of bulls by veterinary 
surgeons, sterility in cows due to anatomical deformity 
can be easily overcame by artificiial brecdinglii^j/S ith cows 
which fail to breed after repeated services, it is (iGsirable 
to try artificial insemination before recommending tlioir 
destruction. During extreme ccild ivoath.er breeding buJis 
have been noticed to suffer from temporary sterility or 
low breeding efficiency which is said to be as^iociated 
with vitamin C deficiency. Tlii.s conihtion is often not 
detected until a largo number of cows have beou covered, 
and this causes a con.siderabie disturbance oi tiio brcuiliug 
programmes. It is an advantage, therefore, to be • l.ie 
to collect tho semen of those bulls by means of mi art. fiend 
■vagina and test it, as soon as the condition is surq, e ted. 

Some recent work in the U.S.S.R. indicate.y tho possi- 
Ibility of artificial determination of sex by the sopuration cd 
:ma]e-and female-determining sperms by the inoUiod oJ. 

(electrophoresis, i.o, accun"iulatiou bf xnalo-aixtl ieuific- 
determining sperms in cathode and anode respoctii ely. 

The success of this method' will have a striking elfect on 
■the future development of dairying and animal industry. 

It was not until 1933 that the first detailed account, ol 
the progress and technique ol artificial insemination was 
published in Great Britian by Walton, who himseh is 
now ackmiwdedged to bo one of the leading authorities 
: in this field. 

The application of artificial insemination on organized 
linos in Groat Britain offers great possibilities in live-stock 
improvement in that it provides the small farmers, who 
are r ©.sponsible for producing one half of the total milk 
yield, with the use of a much better sire than they could 
individually own and thus the non-pedipee breeders will 
liavo the opportunity of grading up their stock. Results 
oi).scrvod in the U.S.A. and Denmark appear to indicate 
that tho suggestion of a possible adverse effect of artificial 
insemination on the trade of pedigree sires in Great Britain 
is without any foundation, but on the contrary it will 
provide an incentive to breeders who are eager to improve 
their important stocks for post-war periods. The con- 
templated legislation by the Ministry of Agriculture _ -fco 
safeguard the successful establishment _ of this practio e 
by ie.straining its use to properly authorized persons in all 


The eSect of processing on the nitrogen distribu- 
tion in milk. S. G. Mbnefeb, 0. E. Overmans 
and P. H. Tracy (1941). J. Dainj Sd. 11, 
953-68 

Rowland’s sirai-micro procedure for the determina- 
tion of total casein, non-casein, non-protein, globulin. 


mixed herd milk. (1) Homogenization of skim milk, 4 per 
cent whole milk and 8 per cent whole milk at normal (2,300 
lb.) and abnormal (3,500 and 5,000 lb.) pressures gave 
no signifleant changes in tho nitrogen distribution. (2) 
Forewwming of milk at 203°F. before condensing coagu- 
■lated all the albumin which is co -precipitated ivith casein 
at a pH 4 • C, with tho casein causing high results for 
this fraction. This change is significant in all sampl6.s of 
condensed milk. (3) In evaporated milk the significant 
changes are tlie coagulation of alijurnin and most of tho 
globulin, and an increase in iiun-citsam nitrogen iudicatuig 
iiydroljsis ei nsohi nitrogen. (4) Conden cd skim milk 
g.axe imnor c.iangos in the nitrogen distribution. ' (5) 
Holder j astoiu’ization (145‘‘F. for 30 niinulos) of milk 
producLil nu chaugea in nitrogen distribution (6) ile- 
puslouriz-iliun of skim milk at 190‘’F. for 30 minutes 
coagulafci-'a all the albumin. (7) In cultured milk slight 
hydrolysis of casein occurred. Pasteurized skim milk 
was ro-pa.ywnirizcd for 30 minutes at 190° F. and copied 
to TU'^'h'. and starter was added at the rate of 1 quart of 
starter to 25 gallons of milk. The milk w'as kept over- 
night. ITxis cultured milk (acidity 0'79 per cent) was 
analysed on the next day. A decrease in casein nitrogen 
occurred which was attributed to slight hydrolysis. The 
buffers used (sodium acetate and acetic acid) in the deter- 
mination of non-ca.scin xiitrogcu and proteose peptone (‘plus 
iion-protein nitrogen) tend to function efficiently in sepia- 
rating the protein fractions in the cultured milk, regard- 
less of the high acidity. The non-casein, non-protein 
and piroteose nitrogen fractions of these products in- 
creased in percentage of nitrogen. Skim milk, sterilized 
cultured and .sealed in tin cans showed results comparable 
with cultured milk. (8) Addition of 1 part of trypsin, 
Enzylac, and steapsin to 25,001) parts of 4 per cent raw 
i pilk kept at 14r)°F. for 30 minutes produced denfuiite 
hydrolysis of milk proteins, e, specially of the casein 
nitrogen. (9) There is no relationship between nitrogen 
distribution and curd tension. The raw milk, pasteu- 
rized milk, enzyme treated milk, homogenized mdk 
and evaporated : milk gave curd tension 37, 53, 26, 12 
and zero grams respectively. Tentative official and 
semi-micro methods for determination of casein gave 
higher results than tho official method which is attri- 
buted to the pH of tho filtrates. The semi-micro method 
of Rowland compares favourably with the official method 
for the nitrogen distribution in milk. [0. P. A.] 


The iateaeiatioiiship oi manganese,' 
and vitamhi v ui bone ueveiopment (iy4ii). 
b-Ji. n'. bOiUBoj L. C. i\oiiiUci ana u. i?'. iiEusjBE. 
J . Js ui/'. it>l. 

'I,Li,iv uauuutii uumouaiiniLiiU luu i'uic ox uuuiguuese in 
uuiio o-uiJiicit/iUii uuserviiig luo euecx oi maugiiueHe 
litiuoiwioj upon wunii puijsj.>iicna..';e acaviLy and catcmca- 
uiuu iU ouiCii-b iuu. uu raoiucugeiuc; auu iioxi-rachitogeiUv; 
uioid. iwu iiCiica ox oxiJcrnueiiLs wox'e cjiiauc<,t!u, 
Uhiug itiiuuti XBiaxui x'ted oxuoks aa the 
aiiiaitaa, Xiio xujsuixa axiowed tixac the bone piioaiiiiataae 
i!.cUvLj, ux liit uiucks .led ou au adequate uiet, e.voepi 
lor a iaciv. ox iuuugauei,e, wau nnirkediy . reduced aa 
cMiiipaxeu lo Luut/ ox cmckg ied oil the aame diet 
si*Pj,jienic.ULeu ttiih auiugaucse. In rachitic chicks, it 
\vaa xomiu laai tiie boue piiosiihatase activity was ui- 
cxcajica lo axiuust twice the amount found in normal 
,cnn,K.3. xxy omiinng manganese from the racliitogeuic 
Uxet, the boue phosphatase was decreased to approxi- 
inateiy uie normal amount. The lowering of tae boue 
phoxphatase level in manganese deficiency shows that 
there is an iutimate rehitiuiiship between llie p.ios- 
phatasc' ui't.vity of tlio bones and the niiuiganese con- 
tent of the. diet. 

Tiie asli conleut of the hones of chicks fed on au 
adequate diet, except lor a dehcieucy of manganese, 
was slightly lower than that of tJie bones of normal 
clucks. The e.’caniinalion of the Jongitudinal tections 
of the iibiae, after staining with silver uitrato, showed 
that Uio metaphyscs of the tilnac of tlio chicks fed 
on tlio maiigaiiese-deficieiit <liet were approximately 
one-hnlf as wide as the inetaphysos of the tibia (3 of the 
norinal chicks. Tim epiphyses of the tibiae 
ot the chicks fed on the manganese-deficient 
diet were very weakly united In the diaphyse.s. The 
results sugge.^^t that in manganese doficicnev the lower- 
ing of the pho.sphatase lesxd rctai-d.s bone 'devch.pmeut 
with the re.sult that the boiie.s are slmrlenod. the ash 
content oi the bone.s i.s reduced and the stvenglli of 
the unum between tlie erdjdiysm and tlie diaphv.ds is 
greatly reduced. |S. B.J 

A filterable virus, the cause of a respiratory 
nervous disorder of chickens. B. E. Stover 
(1942). xlmer. J, Veti/. Res., 3, 207. 

EKsmmvronr nervun.s di..order is a seri-ous di.-ca.^-c 
aileeOng young grouing chickens in North fkilifornia 
.uul ia_ caused bv n fillerable virus. The disease affects 
toMis in the age range of three to ten weeks. Some 


AiiSTBACTia 

ouLbreakB -nave been obscfvad in yommei' oJiickon- J ' 
m matuxe iiens also. 

Tne inc’ubaiiou period in aitilicialiy infected cluckexm^i' 
m iouuu 10 vary uetweeu two and st.v days, with m 

disease runs a proLractea'|s= 


boui in xne nock and in Uie iiidiviauai bird. 

. . I he . resxnratory . and. geaerui symptoms consist of ‘ 
Ciroopmes^, suceanig, shaking oi me tiu.ni a mi ,1 v , 
voice, ga.spmg lor breutii, broatiung nccomc.s iabonred ' 
a.s tJie disease progresses and tuJ body temnorntuce 
may bo between subnui’inal and lll<Jn. d'Jiese are 
followed by iicnous symptom.- wliuJi are ot three 
genera] types, ihev aie in co-ordination of the muscles i- ^ 
Ox the neck and leg, constant tremoj- of the Ixjdv 
paralysis of the logs. ^ 

The po.sL-morlcm examination reveals a cloudiness ..f I'l 
followed by oedema. ^.1 

he contents ol the air-.<iacs become purulent; and! 
adherent to the membrane arc found particles of vellow 
ca.scous matoriai. A frobliy colourJess .serou.s 11 d ' 
occurs m the body-cavity and the froth-JovS M 
mesenioiy has a cloudy or tui'bid aiipear-ince. xV good 
many ea. os siiow oedema or congestion of the lungs 
and the presence ot fi'otliy , miens in the broin'liiL ■■■■! 
and lovver portion of the tracJiea. In a fo v ea c2 > 

Xt; of a caseous i," 
ntdtcuul in the sinuses ns noticed il ■ 

Histologdcal and macroscopical ' examination of the fe 
l^nn^and nervous system failed to detect any specific 

The virus is found to be present in tlie air sacs 
lungri, and trachea of affected birds. 'The disease r-in 
be transmitted experimentally by inoculation whh < 
fee cd material inS.rana.sally, "lulltraSSyr snb^^^^ ' 

d iiijecting directly into the crop. The |i 

disca.se can also be transmitted by pen contact Tn *- 

nature, the usual method of IransniLiou is y f io in 
Xm of's cT'f .-ntXatexf ' tS, 

tiv'O men/ Ihv , \ A of the infec- 

a ioifi ini n? ? ' ^hiokens re.sulted in 

of I ve^ d. V? f ^ nunibation period from an uverago ' ■ 

ot five diy.s to an average of three days. .j 

the mV l'* of infective material from ' 

hied b AlVi ^ filtrates inocn- 

r .' ‘license is .-aused by a filterable viru.<i,^ 

(noss-iimmuuty te.sLs vvbiih wore rained out indn 'd ’ 
dhHnl f*'' '’'IT'* Respiratory nervou.s di.sorder la 
from Ahnf™T ’ f A 1 '”f®®tious bronchitis and i-':^ 
tiom that of infectious hiryngo- tracheitis, [P. B. ^ ] 
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ORIGINAL ARTICLES , ^ ’ 

RELATED TO THE INCIDRNCr' OF EQUINE 
miANGLES IN INDIA ' ■ 


CLIiMATIC FACTORS 


: By F. ('!. Minett, Imperial Veterinary Eesearoh Institute, MiilctesAva.r 

, (Received for publication on 8 March 1944) 

' , (With 12 text.flgnreg) 

In a previous article [Minett, 1944] an accotint Data — contd. 

was given of the recorded incirlenoe of strangles 
at tlie Army lieniount Dc jiois of Mona and Sargo- 
dha in Ibe 8Iiaii]>nr District of the Punjab and at 
the Stud Farms of Probynabad, Cbieyana and 
Ptenaia in the Montgomery District of the Punjab 
and of Ahmednagar in Doinbay. These records 
extend liaek to 1917 and 1927 in the case of Mona 
and Sargodha, while in tlie case of the stud farms 
they cover varying periods of years between 1914 
and 1942. In that article the animal husbandry 
arrangements at the depots and farms Avere des- 
cribed and the iiroblem of controlling tlie disease 
in remoimt depots was dealt with. In the jii-esent 
paper an attempt is made to throw further light 
on the question whether eoiidition.s of climate are 
in any wa,y concerned with the pi“evalence of the 
disease at the places mentioned. 

Data 

Meteorological. The following data vnre sup- 
plied by the India Meteorological Department : 


District 

or 

station 


Period 


Flonienta 


I 193(5- -40 


vi) Wind direction, normal 
percentage I'req uencios by 
moiiths (n) at 8 linurs L.M.T. 
and ib) at 17 hours T.iS.T. 


Sargodha . [ (a) 1890- 

Montgomery f 1 920 


] average number of dayjj 

[-1935 — 39 of Diii-t storms, by months. 


Montgoinery J 


It is to 'be noted that Mona i.s 40 miles north of 
Sargodha and that the nearest observatory is af 
Sargodha, and also that Ahmednagar stud farm is 
quite close to the olhserving station at that town. 
Figures for dail}^ rainfall and daily maximum and 
minimum temperatures were also obtained from 
each remount depot and from theOkara Military 
Farm, 'udiicli is .situated at a distance of 5 and 13 
miles to the west of Coleyana and Eenala respec- 
tively. Reiiala is eight miles east of Coleyana, 
while Probynabad ia.20 miles to the south. Alont- 
gomery town, the nearest observatory to Okara, 
is at a point about 23 miles to the west ]\rontlily 
average rainfall figures for Eenala were- also avaih 
able. Altitudes are as follow, s Sargodha, 914' 
Montgomery 558' ; Ahmednagar, 2154’. 

The data supplied by the Meteorological Depart- 
ment have been averaged to give llie mean month- 
ly figures for the period during whieli the ease 
incidence of strangles is being considered, 'fhe 
figures, with the exception of those for Wind 
Direction, are shown in Table 1. 

Strangles incidence and niortuUty hy months. 
The figures for the depots and farms are s'et out in 
Table II, horses and mules being sliown separately, 
while in Table III the total incidence figures from 
Table II have been arranged according to certain 
Avell-defined spasops, In Figs. 1 to fi the pieteoro. 


Period 


Elornent,* 


f(/) MoJiflily raiufnJl, in 
iuolio.s; (7/) Itfcxiiiium tempe- 
rature. ill ; (vV?) Mini- 
mum tciiipeint m’c, in “K ; 
(/y) JteJutivo humidity in 
])( r cent, ut iS hniir.s L.Ai.'l'. ; 
(c) V'.'iud -v'oiociiy, in m.p.Ii ; 
{vi) Wind flirei-tion, normal 
pei'centago irc(piencio,g by 
■ luoutli.s at 8 liourw L.M.3'. 

I and 17 iiDiirs T.fS.T. ; (vii) 
Avora.go uiindaT oj' day.g ol' 
j Du.st .stornifi, bv montln?. 

of 

by 


Monlgomery lsj]4- 
Sargodlia , 1927- 

Aluiiodnagnr 1<(2,S- 


[ daily figures wer 
rnontli.s.] 


Moatgomory 
(Dirtlrict) ' 
.Sliahpur 
(Di.strict) 


Tablis I 

Meteorological data 





Fw. 3. Probyi,a.)3acl, 1014-34 (.S30 cases) 


Fici, 4. Coloyana 1030-42 (427 cnsi',”.) lucteoroi'igioal 
diita are for 1028-11 



Fig. 0 . lienala, 1035-41. 

404 cases excluding 1038 . 
043 cases including 1938 - 


Fig. C, Alimednagar, 1931-37 (ISO eases) 





• 






Strangles Incidence as % of tmaijneldene® fop period. 
Tenriperature, 

Humidity. 

Rainfall. 

Wind velocity. 



1^’. G. Minett 


logical data from Table I (except those for ‘ dust 
storms ’) and the incidence figures for the corres- 
poiniing period are disifiaycd graphically. Finally 
in Figs. 7 to 12 local meteorological data for daily 
maximum and minimum temperature and rainfall 
are plotted, beside daily case incidence. Natural- 
h', it would have been of value to examine figures 
for breeding faj’iiis situated in other jirovinccs with 
‘ a difihrent climate, but such figures are . not avail- 
able. 

Analysis of data 
Examinatio7i of Figs. 1 to 6 

Inspection of Figs. 1 and 2 shows, that at the 
remount depots the attack rate rises sharply 
from September October when newiy purchased 
young stock begin to arrive and reaches a peak 
in April to fall abruptly during May and June, 
and the rate then remains low till September, 
On the Punjab stud farms (Figs. 3 to o) the 
curve is not so simple. There is agreement, 
however, in that the attack rate declines in 
July- August. At Goleyana and Eenala the curve 
shows a winter rise and a sharp secondary rise 
between April and June. At Probyiiabad the 
rise expected in the colder months is delayed 
till February-March, while the secondary rise in 
jVIay-J'une is still present. At Ahmediiagar (Fig. 
6), which has to be considered separately, because 
it is situated in an entirely different part of the 
country, and lias a different and more equable 
climate, the incidence rises during the drier winter 
months and is much lower from April to October. 

The incidence may iioiv be examined in relation 
to the meteorological factors. 

Eainfall. On the stud farms at least the declin- 
ing incidence curve of July and August is associa- 
ted wfith a rising rainfall. The relation to rainfall 
is particularly evident at Ahmednagar. Clearly 
it appears that monsoon conditions, even when 
the total rainfall is light, are not favourable to the 
sprea,d of strangles. 

lielative humidity {S a.m. reading). Here there 
is no clear connection. As ^vc have seen, the attack 
rate is low’ during the summer monsoon when the 
relative humidity is, of coiu’se, fanly high. But 
in the winter, when the relative humidity is still 
comparatively high, the disease may reach the 
dimensions of a steady’ outbreak, while cases may^ 
still be appearing as late as April— May when the 
humidity is iow^ 

Temjjeraiure. In all the charts for the Punjab 
stations, except Uiat for Probynabad, there 
is distia<';t e\'itleiice that a declining air tem- 
perature is associated with an autumn rise in 
the number of case admissions. At the stud 
farms a smaller j'ise is noted in the pre-monsoou 
Alays of summer, svhen the maximum temj)eratiirc 
is very higli. Hero it may be mentioned that at 
the depots this summer incidence rise would not 
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be expected because by that time the number of 
susceptible stock is small. 

ind velocity and direction. On the stud farms 
velocity per se appears to bear no relationship 
to^ strangles morbidity, since at the time of year, 
when the velocity is higher, the incidence first 
rises and then fails. As regards direction, the 
data (not included in this paper) show^ that at 
Sargodba and Montgomery the pre%'ailmg breeze 
is northerly (]!iI., iN.E., or December or 

January until April or May, and that during the 
rest of the year it is southerly (S., S.E., or S.W.). 
Thus, during the winter season, when air tempera- 
tures are low and especially when there is rain, the 
northerly breeze, though not of high velocity, is 
likely to be severely felt by exposed animals. 
During the monsoon, the southerly wind, though of 
higher velocity, is unlikely to have an ill-effect, 
since the temperature is then higher. 

Dust storms. From Table I it may be seen that 
at the Punjab stations storms are most frequent in 
the period May — August and especially in June. 
It seems possible that the w’eather phenomena res- 
poiLsible for these storms and especially the hot and 
dry southerly wind at this season may be con- 
cerned with the increased number of cases on the 
Montgomery stud farms in May and June. 

Years of high and loio incidence, on stud farms. 

Reference to Fig. 1 of the previous paper, 
giving case admissions at the stud farms by years, 
will show that in some years the disease is very 
prevalent, and in others absent or nearly so. It 
was of interest to see if this periodicity might be 
ascribed to wuather conditions. For this pui’pose, 
eight years r?ero taken, in which the attack rate in 
the Punjab studs was 42 per cent or more of The 
young stock population and compared with eight 
years in which the rate did not exceed 2-4 per 
cent. For each of these 16 years, the following 
meteorological elements were examined ; rainfall 
for the year, rainfalls for February — June, 
July — September and October — January, and the 
mean relative humidity and mean niaxirnum 
temperature for these three seasons. One might 
perhaps have anticipated that, during the years 
w’hen there wms iittlo oi; no disease, the rainfall 
figures at least might have been above the average, 
but no variation of this sort was found. It seems, 
therefore, that the variation in incidence from one 
year to another on the stud farms must be attri- 
buted to some other factor or factors than climate. 
There is no indication that the variation is due to a 
differing density in the poimlation of young 
horses. No doubt, the simple explanation is that 
a bad outbreak in a particular year leaves most of 
the population immune, since years of high inci- 
dence at Probynabad and Coleyana,. arc usually 
succeeded by three or four years in which the 
incidence is low. 



f (1) 74{ 1-2) 306( 4-S) 532 {8* 3) 726(11-3) 850(13-2) 063(15-0) 9S9(15-a) ) 1043(16-2) 





PEOBYlfABAD (HOUSES) 



(Ml) 9 





January 










Tabi® hi 

Case incidence of strangles in horses at depots and stud farms by months 



*Exdodrag 1938 which was a pheuomeuaJ year. 
Figures in brackets indieatepercentages. 
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Incidence of Equine Strangles in India 


Emmination of Tables II and HI 


The data have been analysed in two ways : 

A, Omitting October, November and March in 
the Punjab and May and November at Ahmednagar 
as being months when climatic characters are 
likely to be less fixed, the year was divided into 
seasons and the incidence figures for these months 
totalled as shown in Table Til. The Punjab 
seasons taken were (i) July to September, a moder- 
ately wet warm period ; {ii) December to February, 
the cold season ; {iii) April to June, the hot dry 
season. At Ahmednagar, (i) June to October, 
months of high rainfall and humidity ; (ii) De- 
cember to April, a dry period with a distinctly 
lower mean minimum temperature than June to 
October. 

Table III shows, firstly, that in the Punjab the 
attack rate is invariably lower from July to Sep- 
tember than at any other time, though at Mona 
and Sargodha, as stated, this may not mean 
much. Secondly, the difference between the 
percentage figures, 57*3 and 38-0, for Mona and 
Sargodha for the periods December— February 
and April — June respectively is statistically 
significant. Similarly, in the totals for the stud 
farms there is a significant 'difference between the 
percentages, 24*8 and 34*6, 34-6 and 40-6, and 
34*9 and 65*1, respectively. The suggestion, 
therefore, is that strangles is mainly a disease of 
colder months. 

B. Mr. Suprakas Sen has examined the monthly 
attack rate from another angle. For each depot 
and stud farm, the attack rates of the different 
months, calculated from the total number of 
cases admitted during the period covered, have 
been examined and the months, in which the 
percentages of affected animals do not differ 
significantly from the highest one, have been 
grouped. The result of this approximate method 
of anatysis is summarized thus : . 

Periods of maximum 'prevalence of strangles 


Horses Feb. — ^April 

Mules April 

Horses Feb, — April 

Mules Jan. — ^April 

Feb. — Mar., Juno, and Oct.' 
Jan. — Feb., June 
Dee., April, May 
March 


Mona 
Sargodha 


Probynabad 
Coleyana 
Eenala 
Ahmednagar 

An analysis of mortality rates by a similar 
method shows that strangles mortality was promi- 
nent at, 

Mona in horses, February — ^Marcli 
„ „ mules {*), January, March-May 
Sargodha in horses, January, March— May 
„ „ mules (*), January — ^May 

Coleyana {*), January— March, May, June 
[(*) Calculations made from very small numbers and 
Hene© only approximate] 


Where no mention is made, the mortality rate 
at different parts of the year do not differ. 

Hence, from, this method of analysis also it 
seems that the period, February to April, is most 
prominent for the development of strangles. 

Two points are to be mentioned in connection with 
Tables II and III. ( 1 ) At Renala, 1 9.^8 was a phenomenal 
year in which 262 cases of stranglos were recorded, in fact 
nearly all the yoxing stock. Of those, 62 eases occurred in 
April and 68 in May. There is no suggestion that weather 
conditions were responsible, and the Estate Manager has 
no explanation to advance. (2) At Probynabad, high 
figures for strangles cases are recorded in 1924 (May and 
June, 71), 1923 (June, 44) and 1932 (June, 16). It is 
interesting that May 1924 had the highest rainfall recorded 
at Montgomery station in 29 years, viz. 1 • 62'^ or nearly 
five times the average, the next highest being May 1923 
with 1* 29'“'. May 1924 also showed the lowest average 
maximum temperature in the 29 years, viz. 94*7®F. 
(average 104* 0°F.), while the minimum for this month was 
also low, viz. 71* fi^F. (average, 76* 2°F.). 

A further point to he noted concerns Coleyana. In 1943 
strangles was prevalent at & rather unustial time of the 
year ; between May and September there were 76 cases of 
which 20 occmved in July, 30 in August and 11 in Sep- 
tember. Most affected animals were under two years hut 
a few were four to six years old. No weather conditions 
could be held responsible , and. in fact, it has been noted 
that, with a high incidence at Coleyana, tho attack rate at 
Renala nearby might be low, and vice versa. Probably, 
the main contributing circumstance of the 1943 deviation 
was the low incidence over several previous years. 

Examination of local meteorological data 

The meteorological data so far dealt with have 
been monthly average figures recorded at stations 
some miles from the depots and farms. While these 
suffice to show the climatic trend of the areas, they 
may fail to bring out the full relationship of weather 
conditions to the divsease. In an attempt to 
study the matter more closely, daily records of 
rainfall and air temperature were obtained from 
the depots themselves and from a local recording 
station close to Coleyana and Denala. From these 
records, charts were prepared, on which were 
also inserted, where available, the. daily admissions 
of strangles cases. In order to economize space, 
only selected portions of these charts are re- 
produced, The outbreaks in Figs. 7 (Mona) and 8 
(Sargodha) began in December and were over in 
May. Both appear to show an association be- 
tween low minimum temperature and the onset 
of outbreaks. It should he noted , iiowev^er, that in 
outbreaks starting earlier in tho autumn this asso- 
ciation may not be observed. 

In order to test this point further, corj'cla.tion 
coefficients for case admissions and minimum air 
temperature were worked out. The coefficients 
proved to he negative and significant for Mona 
and Sargodha, 'negative but not significant 
for Coleyana. (They were: Mnna — 0*128*, 

* The coefficients for Mona and fiargodba, though signi- 
ficant and therefore suggestive, are .sinall and slioukl not ho 
reliedupon 
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Fiq. 7. Mona, 1940-41 


Fxg. 8. Sargodha, 1936-3' 


Fxg. 9. Coleyana, 1931-32 






Id ln&ii$rm of Eqmm StrangUs in hicUa 



Plan for Figs. 7-13 


Sargodha — 0*157* Coleyaiia--0*059, and were based linmber of cases admitted on the particular day in 
on 263, 282 and 203 pairs of observations respee- relation to the minimum temperature noted on 
tively. Each paired observation eongisted of the that day). 
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Since the position in respect of Coloyana (Figs. 9 
to 12) is not so clear , it may be helpful to examine 
the figs, in the light of the following remarks. 

Fig. 9, Prior to the sharp outbreak begin- 
ning on January 3.1 with IS cases in five days 
the minimum, temperature had ranged from 
34 to 48°F. During the following monsoon 
there were only five cases. (This and other 
figures show clearly the sharp fall in air 
temperature associated with rain.) 

Fig. 10. There were 15 cases between October 
and February. On March 6 to 8 there was a 
rainfall totalling 1 inch, accompanied bj'^ a 
sharp fall in temperature ; between March 8 
to 14, sixteen cases of strangles were admitted. 
On June 7 there was 0-3 inch rain, and three 
days later 10 cases of strangles were admitted. 
During the following monsoon, only one case 
a})pcared. 

Fig. 11. Cases first ajipeared on December 
9, there being 14 cases in that month. In 
January and February there were 61 cases, 
of which 29 were admitted in one day, 
February 16. During December to February 
minimum tempereJures were very low 
actually below freezing point from January 
14 to 18, followed during the next fortnight 
by heavy rainfall. Betv'een the following 
May 25 and June 24 there were 21 cases, and 
during this i^eriod the minimum temperature 
fell on several occasions by 14 to 16° F. 
within a space of two or three days. A few 
cases 'only occurred during the following 
monsoon. 

Fig. 12. Five cases a|)peared in December 
and 18 cases within 11 days in January, 
after which only three cases developed 
during the rest of the year 1.936. The 
January cases were apparently associated 
with minimum temperatures around freezing 
point. 


It will be useful to refer to the position in respect 
of diseases of other animals and of man which are 
acquired by the respiratory tract. In Britain and 
the United States, diphtheria is reported to reach 
its greatest intensity in the late autumn and winter, 
scarlet fever in the late autumn, winter and spring. 
'% Acute rheumatism, which is probably streptococcal 
in origin, has its maximum in winter or spring and 
is lowest in summer in temperate countries . Green- 
wood and Thompson [1907] found evidence of a 
■ connection between prevalence and dry weather, 
but no significant correlation with mean air tempe- 
rature in any month. In Britain and the United 
.States, influenza is highest but deelining during the 
'ly'Jirst half of the year, while measles is at its maxi- 


mum in March or April. Small-pox in India has 
received much attention from the meteorological 
point of view by Rogers [1926] and Russell and 
Sundararajan [1928.9]. In most areas this dis- 
ease has a tendency to greater prevalence during 
the first half of the year, ordinarily reaching its 
maximum before the rains and beginning to dimi- 
nish after their commencement, and the correla- 
tion coefficients are in fact negative and significant 
both with rainfall and relative humidity. Some 
of the largest small-pox epidemics occm- in the low 
rainfall areas of North-M^est and Central India 
and of the Deccan plateau and are least severe in 
Bengal with its consistently high rainfall. In the 
dry areas mentioned, epidemics nearly always 
follow a greater or less failure of the south-west 
monsoon, accompanied by a comparatively low 
humidity. The explanation presumably is that 
the survival of the virus is favoured by dry air 
[Loosli el al, 1943]. It is well-known that the 
common cold and pneumonia are most frequent 
during the winter months, the meteorological factor 
directly or indirectly responsible for this in adults 
being the prevailing low temperature. In the 
case of pneumococcus |)neumonia of man in India, 
Rogers [1925] has shown that its incidence is greater 
ill the north-western part of the country, which has 
as its main climatic characteristics a great diurnal 
range of temperature (about 30°F.), alow minimum 
(35°F. or less) in the cold season and a low humidi- 
ty. From the seasonal point of view, pneumonia is 
most prevalent during the dry cold season (No- 
vember to February) and next during the dey-hot 
season (March to June). One cannot fail to note 
the similarity in this respect between pneumonia 
in man and strangles in horses. The case is said 
to be different with pulmonary tuberculosis in. man, 
which Rogers [1925, 1] has shown is associated in 
Indian Jails with high rainfall and high humidity 
and also with the direction, steadiness and strength 
of the rain-hearing winds. The disease is, there- 
fore, especially prevalent in Bengal and the coastal 
areas of Orissa, Madras and Bombay. 

In the case of animals, it may be noted that 
‘ snuffles ’ — a respiratory affection of rabbits due to 
a Pastexirella — shows a seasonal periodicity, being 
most prevalent (in New York State ) in spring, 
with a secondary rise in the autumn and a falling 
off in the summer [Webster, 1927]. Wide diurnal 
fluctuations in temperature raised the incidence 
[Webster & Burn, 1927]. The seasonal occurrence 
of diseases of domesticated animals in India vill 
be taken up separately, but there is some evidence 
that pneumonia, e.g. of goats and calvc.s, mainly 
occurs in winter. As to strangles itself, it lias 
been possible to obtain the following information. 
Major H. Allen, B.A.V.O., in a report dated the 
14th June 1923 States ‘ strangles in 1922-23 season 
was raging in Mona during November, December 
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'January. In Sar^odba there were no cases up to 
l4th Fehniary. Strangles started in Sargodha in 
the niichlle of Feiniiary after a period of severe 
cold wet weather ; lliis is always the case, as it 
reduces natural revsistance of the young stock . . . . . 
Strangles is still going on in Sargodha and has 
been ke]tt up, by successive hatches of stock re- 
ceived up to the inidfllc of May. Major F. J. 
Andrews, F.A.V.C'., in a lodter elated 8 February 
1935 states ‘ As is usual during the winter months 
here (Sargodha,), the heavy rain was fcHow^ed by 
a number of cases of Strangles in nearly all •paMochs 
of svsreptihle sfoelc Major W. E. Barry, B.A.V.G. 
in a report dated the 14 June 1038 states ‘ There 
were- few' deaths up to the end of April (at Sar- 
godha) ; up to this time the disease was not very 
severe, probably due to the favourable w^eather, 
the \?inter being mild wdth little^ rain Euring a 
visit to the Punjab in May 1043, 1 obtained the 
following information. Major M. F. Keightley, 
Beraount Eepartment (commanding at Mona) 
said that ‘ oases are most severe after the Christ- 
mas rains of December and January. The dis- 
ease tends to begin after a heavy downpour, 
followed by three or foui' (doudy days with cold 
wind At Sargodha, the veterinary officer and 
two risaldar.s gave independent evidence of similar 
nature and added tliat thf'- w'arin dry weather 
coming at the end of March and in April tends to be 
followed by a decline in the nnmber of cases. 
At both depots, the storms are local, sharp, and 
frecpiont from January on. B-ain is also very 
localized at Coloyana and Benala, bnt the amount is 
rather le.ss in winter than that at the dejjots. 

The problem of why diseases have a seasonal 
trend is undoubtedly complex. In the case of 
respiratory disease, Wo factoiss at least may be 
operative on the host, (a) extremes of air tempe- 
rature and humidity or sudden changes in these 
elements, and (6) a transient and perhaps seasonal 
defect in the mechanism of immunity 

It is common knowledge that a more or less 
sudden cooling of the body through exposure to 
low air temperature is liable to distm’b the func- 
tion of the respiratoi’y tract, especially when the 
effects of cold are accentuated by wetting of the 
body surface through rain and by the action of 
wind. In man, a similar result may be brought 
about during the hot dry season by chills induced 
by excessive radiation or evapoiation ; cold in the 
head being by no means uncommon through this 
cause, •when the shade temperature level is over 
10()°F. Expo, sure to cold will not only initiate 
clinical attacks in the more susceptible animals 
but will also raise the general carrier rate. In 
consequence, the amount and diffusion of in- 


* The jtalif'R nro introduced hy me, because this .state- 
ment poinls to roiuo uniformly acting cause 
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fective material are inci’eased, so that fre.sh impe- 
tus is given to the oui])reak and it may continue 
for some time, possibly in milder form, in spite of 
an improvemc'iit in the wcfitlier. 

Again, in conneetion with this first factor, Win- 
slov^ Heiringfori and Nclbacli [1042] In; v e , shown 
that substantial drying of the. no.st' and throat 
occurs at aii' temperatures of say 70° or S0''F. if 
the relative humidities at those. tcm])ei'aturoH are 
less than 54 and 30 respectively. Boyd and Johns- 
ton [1040] have ])ointed out that a fine acljmstment 
in the wafer content of the respiratory tract 
(trachea and lungs) is required to maintain this in 
health. They showed, in fact, -with rats that the 
water content of the Inngs tends to be remarkably 
constant. During the autumn, however, wlien the 
animals were exposed to the first cold sjjell, there 
was a significant increase in water content, and 
this was followed by an equally significant drying 
of the tract when the hot-water system in tlioir 
living rooms was turned on. Further, Cralloy 
[1042] has shown in experiments on rabbits that, 
when the animals are made to inhale very large 
numbers of bacteria through the medium of drop- 
let nuclei, only a very small percentage reaches the 
lungs. Under ‘ normal ’ conditions (air tempera- ' 
ture 26°C. and relative humidity 45 per cent), 80 
per cent of the organisms that do reach the lungs : 
are removed within the first hour and over 00 per 
cent within three hours. When the animals are 
first subjected to extremes of temperature and 
humidity (38°G. and 30 per cent humidity, 4”C. 
and 80 per cent humidity) or first to one extreme 
and then to another, the rate of removal is tem- 
porarily but definitely depressed. 

As to the second factor, there is reason to sup- ^ 
pose that the animal body undergoes an important “ 
modification in susceptibility, 'which may be sea- 
sonal. Wilson [1930] has shown that in mice 
there occur transient fluctuations In their resist- 
ance to Bact. aertrycke. These variations in re- 
sistance, however, were not definitely seasonal 
and the author applies the term ‘ fluctuating 
immunity ’ to those ‘ variations in resistance 
which occur from time to time and which arc duo 
to alterations in the physiological behaviour of the 
animal dependent on changing environme^ntai 
conditions The nature of the change in question 
has excited the attention of investigators and is 
but vaguely understood. It may have an external 
origin, e.g., it may be dietetic and conceriH'd 
with the lack of fresh green fodder at <!e.r- 
tain seasons. Webster & Burn (loo. cit.), for 
instance, noted a higher proportion of Pasteurdla 
carriers among rabbits on an ‘ incomplete ’ diet 
than in ones on a ‘ oomplete ’ diet. As is the case 
with ‘ chills ’, there would result a larger amount 
of infective material available to the population >■ 
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On the other hand, the change may be intrinsic 
in origin and connected with seasonal modifica- 
tioiis in endocrinul activity. 

Apart from the two factors named above, a dry 
hot atmosphere will promote dust formation, es- 
pecially when tliero is some movonnent of the air, 
and this by irritating the mucous membranes may 
assist the penetration of infective material. Ram- 
fall and moist atmospheric conditions will have an 
opijosite effect. Incidentally, it may be mentioned 
that, contrary to what is sometimes imagined, 
haemolytic streptococci are not delicate organisms. 
Thus, it has been showm that they can survive in 
dust for w'eeks and are often abundant in the air of 
rooms that have been occupied by human beings 
sujforiiig from streptococcus disease [White, 1936 ; 
Brown and Allison, 1937], 

By way of comment on these jnedisposing caus- 
es, it may be said that some drying effect on the 
respiratory tract of young horses may occm' at 
certain seasons, e.g., in May and June at Mont- 
^ gomery, and this adverse effect may be enhanced 
^ by an excess of dust in the atmosphere. This, 
however, is little more than a guess, and the data 
at hand scarcely permit a serious consideration of 
the possibility. Again, as to whether there is any 
transient variation in the animals’ resistance, 
little can be said. If there is, it can hardly be due, 
in this case, to lack of green food, Of the causes 
mentioned, the influence of chilling mu,st 
be regarded as of preponderating importance, 
especially in young animals, and the evidence 
produced in this paper supports the statements of 
observers on the spot. The lack of adequate 
shelter under winter conditions in the Punjab must 
4 put a severe strain on the animars heat i-egulation, 
and it is strongly felt that insufficient attention has 
been paid to means for remedying this. (The 
photographs accompanying my previous iiaper are 
believed to provide evidence of this.) 

The Cliniatoiogicai Aiiay of lialia, feliowf llit i the ab- 
solute nhniiiuan icnipovatiire iu Doccivbd' aid January 
(the coldest inonths) is ai'uural 2iS‘'F. at Kluisla.b (Sbal ptiv 
llisfcrict), slightly higher rh IvioiilgonuTy hut sliJl I'ery low 
viz., uO“F., wliilo at Ahit.'eduagar it is 40“ to 45“F. Mean 
minxnuini temperalnios for ihoi-e months are about 40“ to 
4F'F. at Khushab, F. at ftloutgomery and 53°F. 
at Alimcdnagar (see alM) Table I). 

It has been pointed out above that the winter 
stories of the Punjab and the northerly breeze at 
this season in the north-west of the province will 
reinforce tlu^ action of cold, but that the more 
southerly hret'zes at the time of the summer rains 
art' uiilikely to have much damaging affect. It 
seems likely also that the reason why donlmys 
usually escaqie the disease is simply because they 
have much heavier coats, and not because they are 
, inherently more resistant. Objections to shelters 
'*’j%ave been raised on the score of cost but all that is - 
really needed are cheap constructions. In the day 


time, simple mud-brick walls w ould suffice to keep 
, off drivmg wind and rain or a mud-wall enclosure 
might be provided in each paddock as refuge both 
"by day and night in bad weather, fl'hc planting 
ol trees as wind-breaks may also bo recommended. 

It may thus be said that there seem to bo two 
important factor, s involved in the epizootiology of 
strangles, (a) the cold and ra.in of the Punjab 
W'inter, W'hich, perhaps by increasing a normal]}? 
elevated carrier rate at this aca.son, is largely 
instrumental in, outbreaks and thereby 
augmenting the dosage of infective matter in the 
locality; (Z>) at the depots the introduction of 
fresh susceptible young stock at a ])articularly 
dangerous time, viz. late in the purchasing season. 

As ^leii [1923] says, ‘ It is impossible to control 

strangles if 3 'oung stock are i-eceived 

as late as April or May when strangles is usually 
at its height ’. This second factor, however, may 
be misleading and cause one to overlook the 
Iioiiit that the imiial stimulus has been unfavour- 
able weather conditions. The relative importance 
of these two factora wdll no doubt vwy to some 
extent in different years, and it is unnecessary to 
hold rigid view?s. But it is difficult to escape the 
conclusion that, from the meteorological point of 
view, the remount dej>ots and horse-breeding 
farms of the Punjab are imhaijpily situated. 

Summary 

Ecpiine strangles, as studied in India, is chiefly 
a disease of the colder months. In this re.spect it 
resembles certain respiratory diseases of man, e.g, 
scarlet fever, colds, and pneumonia. Thus, it has .. . 

been shown that in the Punjab the attack rate is !;j 

significantly higher in the cold season than in the ‘ | 

hot and is significantly lower in the summer rainy ■ | 

season. At Ahmednagar (Bombay), where the 
climate is more equable than in the Punjab, the | 

attack rate also rises significantly during the drier 
and cooler months and falls during the warmer wet i 

months from April to October. i.j{ 

Further support to the general conclusion is I'j 

derived from an examination ol local meteorologi- . | 

cal data which in the Punjab show some degree of j [ 

association bet-ween low absolute minimum tern- | 

peratures and the onset of outbreaks. ^ | [ 

The association betAveeu weather conditions and 
strangles is studied to best advantage at the farms ^ \ 

where the stock are reared ; at the depots, condi- i 

tions are somew'hat artificial and the ob'servalions i 

are confused hy the fact that tlio mimlujis of 
susceptible stock are mounting rapidly 

throughout the winter, w'hilc by Aiey outbreevks 
tend to terminate abruptly owing to tie shortage 
of susceptibles. In general, the obseivatiuns are 
complicated by the facts that, w hile outhroaks tend 
to develop in the cold weather, they may continue 
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for soTue timo after it Ii£ih wanned up. On the 
Punjab farms, it is also to be noted that (1) a 
secondary rise in tb.e attack I'ate may occur in 
May- June when for clays on end there is a very 
hot dry wind with liability to dust storms, and (2) 
following several seasons of low incidence and re- 
suHfng increase ill the local suscciptibility, out- 
breaks sometimes coninicnec during the hot season. 

In the endeavour to control strangles in the 
Punjab, insufficient attention has been paid to the 
necessity of iirotecting young horses from the 
effects of extreme cold and Avinter raiii. 
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Bangalore 
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The systematic studies by Villavecchia and 
Fabris on the utility of the Boudauin test for 
detecting the presence of sesame oil were 
carried out in 1893. As no data are available 
on the relation of the colour developed duriug 
the reaction to the quantity of the oil present, 
a detailed study was carried out to study the 
effects of various factors on the colour develop- 
ment ill the Villavecchia reaction and further 
to determine the po.ssibilities of increasing the 
sensitivity of the lest in general use at present. 

Experimental 

The Villaveccliia reaction is usually oaiTied 
out as follows [A.O.A.C., 1940] . 

A mixture of O’l ml. of 2 per cent alcoholic 
solution of furfurol and 10 ml. of HCl are 
shaken Avith 10 ml. of oil sampde for 15 seconds 
and the aqueous layer alloAved to separate. 
Instead of furfurol solution O'l gm. of finely 
produced sugar dissolved in 10 ml. of HCl can 
also be used. ^ 

Taking this rnetliod of carrying out the test 
as standard, the effect of different factors was 


investigated, introducing appropriate modifica- 
tions wherever necessary. 

For the following studies (when not other- 
vvise uientioned) a 5 per cent solution of sesame 
oil in groundnut oil was used. Both the sesame 
and groundnut oils were pressed from pure seeds 
aud guaranteed to be ge,nuine. The free acidity 
was neutralized, and the oils dehydrated and 
filtered before use. The red colour of the re- 
action mixture was compared in the Loviboud 
Tintometer using 1 cm. cell. 

(i) Effect of using different strengths of hydrochloric 
acid 

Fuming MCI (sj). gr. 1’19) was diluted to 
dilTeront strcngtlis as indicated in Tubb; f. lA 
iiialcli tile colour (|uaniiiatively, tJio aqueous 
coloured layer was pi])ett('d in a centrifuge tube 
and centrifuged at 2,r){)() for 5 minutu.s. 

Tills helped to give a clejir .solution. The colour 
was niatclied soon after carrying out tdie test. 
The same solution.s wen; then kojit in u refri- 
gerator overnight, and colours were (‘.omiiarcd to 
SCO if there Avas any eliaiigo in tlie colour on 
longer keeping. The results arc givtm in liable 
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Table I 

Effect of varying the strength of HGl on the Villavecchia reaction 






Sp. gr. 

of HCl used 






119 

1-17 

116 

1-15 

1-14 

1-13 

1*12 

I’ll 

I’lO 

Colour reading 30 min. f 

R13-9 1 

13-1 

9-2 

6-5 

4-4 

3 

■2 

1’9 

0-9 

0-3 

after starting tlie re.-| 
action (_ 

y 1-0 

1-0 

1-0 

10 

1-0 

1 

•0 

0-3 

0’3 

0’3 

. r 

R 13*2 

12-6 

8-3 

5-7 

3-7 

2 

•3 

I’O 

0-3 

O’O 

After keeping overnight in^ 











1 

, Y 1-3 

1-3 

1'3 

1-0 

I’O 

1 

•0 

_J 

0-3 

0-4 

0-4 


It can be seen from the result that the higher 
the strength of the acid the stronger was the 
colour reaction. Purther, it was also necessary 
to match the colours as soon as laossible, as 
there was a considerable diminution of the in- 
tensity even when the solutions were kept at 
low temperatures. 

(ii) Effect of heat on Villavecchia reaction 
(a) In this part of the experiment, 10 gm. 
of oil and 0”1 ml. of furfurol solution were 
mixed and heated for three minutes to different 
temperatures shown in Table II. Ten ml. of 
HCl were then added, shaken and the colours 
matched. 

Table II 

Effect of heating seasanie oil and Furfurol 
mixture 


Room 

40“ 

50“ 

60“ 

80“ 

100 “C. 

temp. 






R 9’6 

9'S 

10*3 

11’3 

9-2 

8-5 

Y 1-0 

1-0 

I’l 

I’l 

1-2 

1-4 


It was seen that heating to 50° = 60° C. in 
creased the intensity of the colour developed, 
Hagher tomperatures had the reverse effect. 

(?)) Similar experiments as described in (a) 
were carried out, this time first mixing the 
HCU and oil and heating for three minutes, 
followed by the addition of furfurol reagent. 
Table III 


Effect of heating sesame oil and HOI mixture.' 


Room 

temp. 

40° 

50° 60° 

1 

80“ 

; 100°C. 

9-6 

10-3 

12-0 9-9 

6-8 

4-3 

A 1-0 

I’O 

I’l I’l 

1-3 

2-0 




I 



It can be seen from the above that heating up 
to 50‘‘C intensified the sensitivity of the test. 

(<■) Experiments were next carried out, apply- 
ing similar heat treatments to the whole of the 
reaction mixture consisting of oil, furfurol re- 
agent and HOI. The results are shown in 
Table IV. 

Table IV 

I'aJeal Of heating Villavecchia reaction mixture 


Room 

temp. 

40“ 

50“ 

60“ 

80° 

100° 0. 

B 9-7 

ll’S 

14' 1 

14-3 

14' 2 

9’9 

Y I’l 

2*1 

2-2 

2-4 

2-3 

2-9 


It can be seen from the above that heating 
up to 50°-80°C. considerably enhanced the in- 
tensity of colour. At higher temperatures than 
the above the colour intensity decreased. 

In subsequent studies reaction mixtures were 
heated to 50°G. for three minutes. The blank 
did not develop any colour when heated to 
50°G. under similar conditions. 

(hi) Effect of using different quantities of 
sesame oil 

These trials were carried out to see if the 
colour produced in the reaction mixture was 
proportional to the quantity of sesame oil pre- 
sent. Samples of 0‘5, I’O, 5‘0, 7-0 and lO'O 
gm. of the oil mixture containing 5 per cent 
sesame oil and 95 per cent groundnut oil were 
taken and the total weight of oil made up to 10 
gm. by adding 9'5j 9-0, 7-0, o’O, 3‘0 and 0-0 
gm. of groundnut oil respectively. The results 
are given in Table V. 
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Table! V 

Ej'focl. of lining different qvantitioH of fwmnio oil 
on the Villaveochia reaction • 



Tiie reHults showod tliui the eoloui’ intensity 
depended on tfic timoniifc of oil nwe-d, but M’as 
not in exne.t projiortion 1o it. For fill subse- 
quent work, the quantity ol! oil to bo used was 
arbitrarily -fixed at 10 gin. as in the general 
practice. 

(iv) Idffc-rl of using diffeirni svgars 
Iji tlie Baiidouin test a, .1. per cent Bolufiion 
ol cane sugar in JiCl is emjjloyed. Villavccclda 
replaced cane sugar by liirliunl. 'bbe Ibilowing 
experiments were carried out \isiug 1 per cent 
solution of diftcii’eui sugars in 1101. Jh,'sults are 
shown in Table VI. 

It can be seen that the colour intensity when 
manosc, glucose and dextrin were used was 


Table VI 

Effect of different sv.gars on VillaveccMa reaction 


lleiMibioii taiiiiioruturc 




Sugars used 





JUirfurol 

reagent 

I.aetoeo 

lllVOl't 

sugar 

Dextrin | 

Mauose 

Galactose 

j Gliicoao 

1 

Sucrose 

Friietoso 

r 

:R 16 -6 

16 -4 

22-» 

16-4 

15-8 ' 

14 -9 

15’4 

21-2 

29'6 

Boom temp. . , . •< i 

Y 2-0 

2'0 

8-0 

1-9 

20 i 

2-0 

2-0 

8*3 

8- (5 

f 

11 27-3 

27-0 

26-2 

26-1 

26-7 

26-0 

20' 9 

24-2 

23-7 

60“ 0. . . . 

Y 30 

2-8 

0-7 

3-1 

2-8 

2-7 j 

2' 9 

8’7 

9-8 


aiiuost similar to that given by fiirlurol reagent. 
With galactose, it was slightly lower, and with 
laetoso higher. , All the above named sugars 
did not give any blank. With fructose, invert 
sugar and cane sugar, the readings were much 
higher when compared to furfurol standard, the 
iiif'msitv increasing iit the onlor mentioned. 
It was also interesting to note that, in ca,so of 
tJie three last named .•sugars, the raising of the 
reaction ienipcraturb did not produce very 
marked intensity in colour. Further, fructose, 
invert sugar and cane sugar gave high blanks 
as indicated below : 

Fructose Invert sugar Sucrose 

R. 4-8 3-0 2-3 

Y. 19-9 ' 10-2 8-0 


iVs there was a considerable proportion of 
yellow colour, the quantitative reading suffered. 
Again, witli fliesc three sugars, the reading tlid 
not remain constant, but the colour rapidly 
changed from red to dark brown. I’or all tlu‘se 
rea.sony, it was felt tliat the replacement of any 
sugar for furfurol was not of any great benefit 
under practical condition. 

To minimise this dcfecl when diffei'ent sugars 
are used, instead of using pure ITCl, acid con- 
taining ()-r> ])(')• (‘.ent and ! () per c.ent stannous 
chloride (Soltscin Ileagoiit) was employed. 
The residts arts given iji Table VIT. 

It can 1)0 seen from Table VI f (hat by the 
use of st:umouH (ihlorido, the colour intensity 


Table VII 

IflJect of 'Using ,w.crose in Hie 'presence of stannous chloride 


Tempei'iituro of reaction 


1 Using O' 5% .stannons chlorido 

Using U0% stmmou.s ciilorido 

Furlvirol 





mixture 

reagent 

Blank i 

■ i 

SosainG oil 

Blank 

Sosarno oil 


R 15-7 

i*8 

12-6 

1 1-6 ■■ 

14-9 

Room tomporaturo . . ■<( , 

Y 2-0 

9-8 

1 

8-0 

H)-S 

9*8 


M. D. Patel, B. M 

was itnich reduced. There was still a large pro- 
purtiou of yellow iriterferiiig colour. Thus even 
under those modifications the furfurol reagent 
was to bo preferred. 
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Conclusions 


(1.) The intensity of colour developed in the 
Villa vci(;ohia reaction increased with increase in 
the sti'ength of HCl. Turning HCl gave the 
best results. 

(2) The colour developed in the Villavecchia 
reaction iiioreased with the quantity of sesame 
oil pi’cscnt in the reaction mixture, but it was 
not exac.tly proportional to the quantity of oil 
used. 

(3) The sensitivity of the reaction could be 
greatly enhanced by heating the test mixture 
for three minutes at 50°C before centrifuging. 
Higlier temperatures did not produce uniform 
results. 


Patel and C. N. Dave 

(4) Substitution of furfurol by any of the 
following sugars, vm. lactose, luvert sugar, 
mauosc, galactose, glucose, fructose, sucrose 
and dextrin, did not increase the sensitivity of 
the reaction. 

(5) Improved Villavecchia reaction was carried 
out as follows ; 

10 gm. of oil were m'xed with 0-1 ml . of 2 
per cent alcoholic solutions of furfurol and 10 
ml. of HCl, After shaking, the tubes were kept 
in a \vater-bath at o0“C. for three minutes, 
shaken and the aqueous layer allowed to sepa- 
rate. For the quantitative estimation of colour, 
the aqueous layer was transferred to cerntrifuge 
tubes and then centrifuged at 2,500 r.p.m. W 
five minutes. 
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A COMPAE.ATIVE STUDY OP THE QUALITY OP GHEE PROM COW 
AND BUPPALO UNDER UNIPORM DIETARY CONDITIONS, 
INCLUDING HEAVY DEEDING OP COTTON SEED 


By M.D. Patel, B. M. Patel and C. W. Dave, Animal Nutrition and 3i)airy Ciremiatry Baction, 
Tn.stitute of Agriculture, Anand 


(Received for publication on 23 August 1943) 

The results of a series of experiments hitherto 
carried out to study the effects of varioim food 
fats on the quantity and quali ty of milk fat suggest 
that the quantitative secretion of milk fat can be 


milk fats of both cows and buffaloes, when they 
were receiving the same production ration, and : 
(b) The relative changes in the physical aild. 

.. ^ ^ - - chemical constants of ghee, when the concentrate 

altered by a dietary fat, but not over any extended mixture in the production ration was entirely 
preriod, wheri^as the ])hy,sical and cliemical coils- replaced by cotton seed. 


tants of milk fat can bc' permanently modified by 
the quality of the fat ingested. The.se observa- 
tions have, however, been made on the milk fat 
from cows only. There is an apparent lack of in- 
formation as to the extimt th(3 milk fat of buffaloes 


Cotton seed is one of the most commonly used 
concentrates for milch cattle in Bombay Province 
and the Western Indian States. There is a popu- 
lar belief in these jiarts that cows and buffaloes, 
when fed on cotton seed, give milk richer in fat, 


i,s suscRiptible to both quantitative and qualitative 
chang(!s due to tin; charactej- of the foodfat eoh- 
sumi'd. Only a few n^oeu’df'd data are available 
wlucli would indicate tlu; comparative influence 
^ of the dietary flit on the milk hits of cows and 
buffaloes when Ixhli these .species arc fed the same 
production ration [Doct.or ct al, 1940] or when their 
}>reduction ration i,s similarly altered by a dietary 
modification. 

In tlu3 prc'sont ])a])(;r arc reported the results of 
an investigation carried out to study : 

^ (a) The comparative difference in the physical 
■y and chemical constants of ghee, produced from the 


and the ghee made from the butter fat of such 
animals is of superior quality. 

Expeeimbntal 

For the purpose of the investigation 12 healthy 
animals, six KankreJ cows and six Surfci buffaloes, 
were selected. The selected animals were appro- 
ximately similar in age, number and tne stage of 
lactation. They were divided into two groups , 

‘ experimeiitar and ‘control’. In the experimental 
group were taken four cows and four buffaloes, 
and in the control group, two cows and two 
buffaloes. The rations for the two groups of 
animals are set out in Table I. 
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frhee jT07n Cow and Buffalo under Umforni Dietary Conditions 


Table I 

Statement of rations for the experinmital and 
the cMiifol groups of animals 


: '1 

Parbiculars 

Experiuioiital 

group 

1 Control group 

1 

For iuaint('- 

nanee 

(1) Chopped 

yoimr hay —ad 
lib 

(1) Greon Guinea 
grii,s3 10 lb. 

(2) Cliopped jowar 
ha,y—ud lib 

For production 

(2) Mb. of cot- 
ton seed per 2 
lb. of milk yield 

(:i) 1 lb. of. tho fol- 
I lowing concentrate 
jiiixture ]jer 2 lb. of 
milk yield. 

Parts 

Wheat bra.n .‘1 

Groundnut eakt' 2 

Tiir chuni . 1 

Cotton seod . 3 

Crushed ffuar 1 


TIio animals in boiJi thn groups n^coivod 2 oz- 
of (jominon salt i)or ajiiinal por day. 

It may be soon, from tlu^ statcanont of tlie two 
rations that, while ootton sockI cojistituted the solo 
preduetion ration, for tlu', ‘ experimental’ animals, 
its quota was barely 33 per eeut for the produetiou 
])Urj)f>se in, the ease of ‘eoutrol’ animals. As a 
I'osult of this quantitative diifereuee in the eotton, 
seed (iontent, it has been caleulated that the 
animals isi the experimental group were eonsiiming 
almost double the amount of fat (ethei- extract) 
in their production ratiojx vvlien ct)nipared witli 
the animals in the control group- 

After the animals in the two groups got adjusted 
to their respeetieve rations, for three cons(‘Cutivo 
days in a month, the mixed morning and evening 
milk from each ijrdividual anijnals was curdkid 
and separately kept. Throe days collections of 
curdled milk frojn each animal were then mixed 
on the fourth day and churned for butter. The 
butter w'as immediately converted into ghee by 
melting in a suitable (tinned) brass vessel over a 
slow" wnod lire. The expeidment was started in 
the montli of May 1942 and was concluded at the 
end of 'N'oveinber 1942. .During the course of these 
months, sevej), a[)proximately monthly lots of ghee 
wtii’o puipat'ed fi'om each aiiimah Withima month 
of ilu-ir ])rei)aratioii, a sampler fi-oni each >vas sub- 
jected to ])hysical and eliemical examination. 
Altogether 84 saraph's of gheo w"ere examined. 
The following constants w'ct’c determined strictly 
according to tlie methods described in the British 
Standard Methods for Chc.mical Analysis of Butter 
[1938] and in the Ih'port of th<i Analytical Methods 
Committee of the Hociety of Public Analyst [1936]: 


(1) Butyro refrat'tonu'l ric value at 40°0, (2) 
Saponilitaition value!, (3) ipMchei’i, .Mcissl vahie 
(4) KirsclnK'r value, (5) Poieu.sk'' value aaid 
(6) Acid value calculated as oleic inu'd. 

The total iunuluu' of 84 siimphis of gh(>e aualysi'd 
can be divided into t!i.<' following (jat(‘gorie.s 
accordiiig to tlu^ number of giampijigs, spec-u^s ajid 
dietary ti’eatn rents : 

28 samples from cows on c.ottou scuan 
feed 

|>'h]x])erimeu- 

28 samples finni brdfaloe^ on ct>ttou I tal group 
seed feed J 

14 sam]>l{‘r-4 from cow'.s on eomumtrah'^ 

mixture 1 

)- Control 

14 sam])Uw from huHaIo(\s on cone m- j group 
trate luixture } 

Biosni/rs and dihoitssion 

In oi-diW to .save paper tlu' d<4ailod analytierd 
(lata arc' iiotgiv<m. In Table TI is pn'.seuh'fl only 
the mean value of the total numl)er of the d('t(M’.. 
minaCous of the dilh'.reiit (iomstauts in glu^e from 
gi’oup.s of (30WS and bulfaloes uudc'r th(5 experi- 
mental and the control fetulings. In the same 

table, the coellicicnit of variation and the .st.audard 
error of (^ach m(^au are also shown. 

T.‘rBLE .11 


Connfants of ghee from cows and buffaloes under 
identical dicta ri/ treatments 


species 

Experimental 

Control 

1 



standard 

error 

Mean 

Coeff. of 
variation 


standard 

error 





B. n. mine 




Cow .... 

43 -.I 

0 

91 1 

0-0741 

42-0 t 

1-47 

0 

167 

Bull'alo 

42-6 

1 

.54 1 

0-123 

40-9 

0-90 

0 

104 




Sap, valu(i 




Cow .... 

221-0 

1 

13 1 

0-4781 

225-21 

0-87 

0 

r,9.t\ 

Bulfalo 

224-1 

1 

15 1 

0-4871 

232-01 

0-75 


465 




It.M. vf 

lilC 




Cow . 

23-7 

10 

to 1 

0-40(ii 

-25-0 1 

0-09 

0 

107 

030 

Buffalo 

28-1 

8 

37 1 

0-4551 

34-7 1 

0-80 

0 





K. miuo 




Cow . . 

20-2 

111 

10 1 

0-4.U), 

21 '4 

/;■>.■! 


:!09 

Buffalo 

25-2 

1 7 

92 1 

0 - 3991 

30-3 

0-b.S 

1 0 

579 





P. value 




Cow . 

1-20 

il2 

58 1 

0-028 

)i-r. 

17-00 

10 

•009 

Buffiilo 

0-04 

1 8 

02 1 

0-015 

ll-3 1 

15-02 

lo 

•051 





ir/ul value. 




Cow . . . 

0-47 1 

17- 

02 1 

0-015 

0-50 ,25-18 

0- 

027 

Buffalo . . . . 

0-31 j 

17- 

f!,.! 

0-010 

0-41 04-30 

0- 

050 
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Cow f/Jwe VR. huJfalo (jltf.p.^ 1’ho cla.ta in Table TI It is apparent from the data in Table III that 
ff(‘r a clt'ar piiture of tiie im])ression made by an the qualitative secretion of milk fat in buttViloes is 


idont ieal (!i('t on the milk fat of (!o\vs and buffaloes. 
It ma.y seem tliat. und(n' both (nxpta’i mental and 
eont ro! feedin^n the E.lv., P. and A(;id values ai‘e 
sijriiiticantly hi^dier, and such constants as Sap. 
value, ll.iM. vahu' a,nd K. valui' ai*(^ signitieaiitly 
lovv(M' in tlu^ u’hee From t.he milk fat of cows than 
tliat. of buffaloes. These results are in agreement 
witli the findings of Doctor et al. [1940] who have 
(kdei'mined the pliysieal and chemical constants of 
ghe(‘ from different breeds of cows as well as from 
MiUTaii buffa.lots, kept under similar conditions 
of fe<‘ding and management. These results thus 
lead to the ennchtsiori that even under identical 
dietaiy and management there is a distinct species 
diffeiamce in the character of the milk fat secreted 
by the cow and the buffalo. The B.R. and Sap. 
values suggest that in the milk fat of the buffalo 
the proportion of the fatty acids of higher mole- 
cxdar weiglit is less than that in the milk fat of the 
cow. This is also supported by the higher R.M. 
value. The higher K. value of buffalo ghee shows 
that the milk fat of this species is richer in butyric 
acid, but its proportion of water insoluble volatile 
acids is comparatively loAver than that of the milk 
fat of the cow as is evident from the P. value deter- 
mined. The free fatty acid content is higher in 
the milk fat of the cow than that of the buffalo. 

The effect of heavy feeding of cotton seed. The 
effect of the replacement of the concentrate 
mixture in the production ration entirely by cotton 
seed on the constants of ghee from cows and 
buffaloes is shown in Table III. 


The effect of heavy feexUng of cotton seed on fJie 
physical and chemical constants of ghee 


' 

Mean 

/aluea 

Diff. in 

Per cent 

S]jecieH 

Experi- 

merifcal 

Control 

xuean 

values 

of lower 
( — ) value 

Cow 

4!5-a 

B. 1i. I'uliie 
42-(i , 

0-7 

+1-6 

Biiflaio 

42-(} 

40'9 1 

1-7 

+4-0 

Cow 

221 • 9 

Sap. value 
225-2 1 

3-.3 

—1-5 

liiilhilo 

224 • 1 

232 -(j 1 

8-5 

—3-8 

Cow 

1 2107 1 

R.M. value 
25-0 1 

1-3 ( 

—5-5 

Butialo , 

! 28-1 1 

34-7 1 

6-6 ! 

— 23-5 

Cow . . ■. j 

20-2 1 

K. value 
21. -4 1 

1-2 i 

— 5-9 

liiltlalo 

25 • 2 1 

30-3 ! 

5-1 1 

—20-2 

Cow « 

1 1‘2() 1 

P. value 

1 1-50 1 

0-30 1 

I — 25-0 

Bufi'alo ® % 

i 0-94 1 

1 -30 j 

0-36 I 

j — 38-3 

Cow . 

Biiiralo 

4 .- , — . 

0-47 

Acid value 

1 0-56 1 

0-09 1 

1 —19-2 

t)-31 

0’41 

O-IO 

—32-3 , 


comparatively more susceptible to dix^tary modi- 
fication than that in (iows. 

The UniHs of the variation, in- the physical and 
chemkal con ulanls of ghee. The inv<'stigation has 
atlbrdcd au opportunity to rcconi the limits of 
variations in the constants of ghee under the 
present experimental conditions. In Tables IV and 
V the minimum and maximum values of different 
constants of ghee from cows and buffaloes are 
respectively set oxit. In these tables, similar 
figures collected by Doctor, et nL [1940] are includ* 
od for a comparative study. 

Table IV 

Limits of variations in the constants of ghee from caw 



Experimental 

Control Docto 

r, e$ al 


Min. 

Max. 

Min, 

Max. Min. 

MftX, 

B. R. value 

41-9 

44-3 

41-9 

43-1 40-0 

45-2 

Sap. value . 

214-6 

227-9 

221-6 

227-9 219-0 

230-0 

E.M. value . 

18-7 

28-4 

22-9 

27-3 23-0 

30-0 

K. value . 

lG-0 j 

24-3 

19-2 

23-8 17-0 

24-2 

P. value . 

1-0 

1-4 

1-0 

X-9 1-9 

8-0 


Table V 

Limits of variation in the constants of ghee from 
buffalo 


Experimental 

Control 

Min. 

Max. 

Min. Max. 

41-2 

43-6 

40-2 41-4 

218-8 

228-6 

230-0 235-6 

23-7 

33-4 

83-6 87-9 

22-3 

29-2 

27-4 S4-0 

0-8 

1-1 

1-0 1-8 


The wide variability in the constants as evident 
from the data in Tables IV and V emphasizes the 
limitation of the chemical and physical methods 
used at present for testing the purity and for the 
grading of ghee. It would, however, be of interest 
for future research to find out the possible correla- 
tion between the variation in the constants and 
such factors as the keeping quality and the bio- 
logical value of ghee which is being investigated 
in this laboratory. 

Summary 

Experiments have been conducted to study the 
effect of identical diet on the physical and chemical 
constants of ghee prepared from the milk fat of 
Kankrej cows and Sprftti TbP resiiUf 


100 Tnherculosi 

Mliovvihat, IhoFuityro Rc'IVacloniotrio, Roleiisko and 
Acid v:i,lu(\s !(!•(' siynificiintly infjlicr and the Sapo- 
nilicHlioii, R(d{-li(‘ii Mcissl and Kij-schnnr valnos 
arc sicni flea idly loM’cr o(‘ tla^ iilicc IVtini tlx* milk 
la( ol’llic cow lliau tliii.l of t.lx' imHii.k*. 

Tlio rcplacciiiciil oftlx' (•oiicciij ra.l o nd\tmr, in 
l lm j)i'odiicl ion lalion oiu iroly l>v cotton wv'd shows 
that in thn ylicc troin liotii tlu; cow and the hnflalo 
the H.R. value increases, hut all otlier (amsbants 
show' a decrease, (pialitative change brought 

ah.oiit rn-ght‘e by cotton ,s(‘ed feeding is nujre pro- 
nonne(‘d in bnCfalo ghee than in cow ghee. 

'Fhe iiniits of variations in t.ht; constants of ghee 
froin cog's ;in(j Imfraioes iiridis* the pre.sent condi^ 


s m Bufjaloefi 

tions of study have Iteon di am sst'd, along with tlie 
data of otlier woi'lciu-.s. 

AoKMowijononMKN'i’ 

'I’he authors wisji to reian'd theii' iJiainkfulness (•<* 
Dr S. (1. Hay, Hea.d of the .AidiiiaJ Nnl-riliou a,n<l 
Dairy Clmniistry Sc.ction ol’ tins Institute for his 
help in the prtip.M'al ion oi' this paper. 
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TUBERCULOSIS IN BUFFALOES 

By P. R. KmsHNA Tveh, Eese.irpK Officer, Imperial V^eterinaiy RcMcarch Tn.stitijte, IxaOiagar 
(Received for publication on 19 tlanuary' 1944) 

(With Plate X) 


Tubeeculosis in buffaloes Is mentioned by several 
authors. Kutchukoff [ IdOO] noUal the fresiuent 
oociUTenee of tlie disease in drauglit buffaloes in 
Ihe .Balkans, Turkey and some parts of Asia. 
Tjiberenlosis is staled to be more eoinnion in the 
male than in the female. He adds i.hat the 
disease is I'iire in milch buffaloes even when 
Itonsed for years in the same byre as tubercu- 
loas cows. T-Ti' tnbcrenl in -tested 20 milch 
huffaloe'< and 24 mileh eoivs stalled l.ogether 
and found iliat -iO per cmd of the cows and 
only one mileli buffalo iv'mded. He observed 
that tnl'n-u’fiulin gave a strong reaction in posi- 
tivo' cases in the biiffido. Hitter [1910] reports 
a ease of tuhercadosis in a buffalo in Calcutta, 
with lesions present only in the lungs. Eber 
[1917] r(‘fors to biiffaloi'S in the abattoir fd' 
Budiipest as being affected with tuberculosis 
to the extent of only 0’18 per cent. Piot Bey 
[1917] ohseived that in the abattoir at Alexand- 
ria, tnborciilnsia was not seen in young buffalo 
calves, but only in animals three to five years 
old. Aboul no ])er ceril of old animals, parti- 
eularb’ females, w’oni affeetod, and 1 to 2 per 
'cent of these showed large and multiple tnbev- 
eulons lesions. In tliC' abnl.foir at Cairo, tuber- 
culosis is fnapicntl'' se('n in young buffaloes 
and 7 per cent of all bnffiiloes slaughtered are 
found affecied, mainl.v with lesions in tlu‘. 
thorax and nneommonly in the abdominal 
'organs. Tuheroulous lesions in the buffalo 
are said to vc'.scmblc those usunlly met wdth 
in eatlle, and some portions of th(' .Glands have 


been fouml calcified. So'[)arkar [1925] tested 
the susceptibility of differeni breeds of Indian 
cattle am! buffaloes to lioviiu' tidierculosis and 
loimd tliat bnffaha's were; a()piu‘ently more Biis- 
ceptible thaiu cattle. By Kubcutaii(.'.on.s inoenla- 
tion of 50 mg. viruhmt. bovine enlfcure hi five to 
six-month-old calves mul 14-month-olcl buffalo- 
calves be obtained a greater death rate in bu- 
ffalo-calves. The same wriii'r [1926] observed 
a ea.se of tuberculosis in a male-buffalo at 
Midvteswar in India. This animal reacted 
strongly to tlie double-intraderrnnl tiibercvdin 
test and on posti-inortiein advanced easeating 
tuberculosis lesions wei’e foimd in tlie medias- 
tinal apd bronchial glands. Soparkar and 
Dhillon p9Bl] examined 1,116 animals (cows, 
bullocks land bnff’aloes) in the slaughter house 
at Lahore and found 255 animals, i.e. 22‘8n 
per cent, infected with tuberoidosis. The inci- 
dence of tuberculosis in cows, bullocks and 
buffaloes Hvas 21 'B per cipit, Bl-6 pi-r cemt and 
2B-6 per cent respectively. 'Niaik' [19B2] di'.s- 
cribed a case of tubtwcnlosis in a female 
•Tafferabadi buffalo. Tlie smimal was in poor 
condition, and had loose bowels, a short busk'v 
eon.gh, impaired appetiti', pale mncmis inem- 
branes and accelerated respiration. On post- 
mortem there was (‘xtreme emaciation, and 
tnbercidons lesions wavo presr-nl in both Innos. 
and the mediastinal, broncbial, siibmaxillarv, 
posterior mammary and mesenteric elands, as 
w'cll as in the Cavnano [lOBl] consider" 

that- in Egyiff; tiiibercnlnsls is moi'c previil'Mit.^, 
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iUiioug bilii'aidefo' than is generally believed, 
especially in lower JllgJ'pt vvliere uuffaloes are 
housed under unsulisiactory condition. His 
data on nicideiice are limited to inlormation 
obtained Ironi public abattoirs. Statistics 
collected at tbe abattoir at Alexandria on aiinnais 
irom lower Rgypt showed that about 00 per cent 
of aged buliaioes and 9 per cent of the calves 
, slaughtered w-ere affected with tuberculosis, 
especially the pulmonary form. In .the abattoir 
at Cairo the incidence w'us considerably less and 
this is attributed to the fact that most of the 
animals slaughtered came from upxier Egypt or 
the yudaii wliere housing coditioiis are reason- 
ably good. Carpano tested 050 apparently 
lieaithy butfaioes (048 iemule and 2 malej by 
the iutradermal and subcutaneous methods; 5i 
reacted to the iutradermal test : of these 11 gave 
positive reactions wlieii subsequently tested by 
the subcutaneous method and had tuberculous 
lesions on post-mortem examination. Carpano 
noted that tuberculin, both in buliaioes and 
cattle, produced a similar type of reaction, 
except tiiat the subcutaneous injection of tuber- 
eiilui in bufiuioes was often followed by a 
local reaction and tihe maximum temperature 
was not reached until DU hours after injection, 
sonietimes the local reaction is so severe as to 
cause lameness and iiiappetence, and transitory 
decrease in milk yield. It is concluded that 
buffaloes are more sensitive to tuberculin than 
cattle and the subcutaneous test is recommend- 
ed in the held 'owing to the possibility of non- 
specific reactions after iutradermal injection. 

/ llubbermami [1984J, in Java, reports tliut a 
skin disease of butlaloes characterized by the 
presence of ' tubercles’ was examined by cultural 
and Uiiiiinai inoculation tests for tuberculosis 
but witli negative results. He also refers to an 
atypical strain of tlie tubercle bacillus isolated 
from a buii'ulo. Topacio [1935] states that 
clinical tuberculosis lias not been recorded in 
buffaloes in tlie Philippines, but that they readily 
die of tuberculosis iifter experiinental inocula- 
tion. Buiiaijos [1930], in Greece, states that 
buffaloes are considered less susceptible to 
tuberculosis tbun cattle. Lobel, Van der Schaaf 
and llozu [1930j isolated Ihree strains of 
^ tubercle bacilli from th(' water-buffalo and found 
them fo he of i)oviue type. Idiese strains had 
a low lii'nltMiee for sinali lahoratorv animals and 
gave a week ini(;ial arowflt on media. The 
report of tt (’ominil lee on l)ise.as(*s of flu* Pliiiip- 
jiiiit' V(‘ferinar\ Medicid .Assoeiafion [1037] 
stales tdntf three taist's of bnffido fnbei'Ciilosis 
^ ^ Were diagiKjsed l)y Tnieroseopietd and baeterio- 
logicul iiitdliods. One tJ' these wtis shown by 


ilii I , 

animal and eultural tests to be due to the | 

bovine type of bacilius. Topacio and Coronel 
[1941] demonstrated that the native Carabao I 

(domestic Ijuffaloj of the Philippines is experi- 
meutaily susceptible to tubei'euiosis ;uid that a, 
heutthy caral)ao placed in contact with an tir.ti- [ 

hcially infected carabao contracted the disease. d' 

Tliey add that the earuliao is susceptible to 
natural infection under ranch conditions and f 

that fatal tcriniiiation occurred when the aiii- ‘| 

maPs resistance is lowered by an inter-current 
disease such as surra, liadweii [1912] re[>orts | 

au outbreak of tulierculosis iii a targe herd of 'I 

nuhaloes ni Liie National Buffalo ihirk at \\ ain- ’I 

wnght (C. 8 .A.). in 1907 the herd consisted j 

oi <42 uu/ialoes. P’roni 1914 to 1923, there i 

was no outward indication of tuberculosis in the ^ 

herd, but in 1923, it was decided to destroy f 

some of tile animals. In the lirst three kills I 

(1923-29) the oldest animals in the herd were | 
slaughtered, and the percentage of tuberculous | 

alfectioii W 4 is the highest in these 3 kills, viz., 
about 72 to 77 per cent animals. In the hmtl =1 

slaughter in 1939, there was a marked droxi in I 

the percentage with tuberculous lesionSj viz. :| 

30’ l4 per cent: hi this kill animals of all ages | 

inciudhig calves were slaughtered. Among jf| 

animals slaughtered in 1923, several cases pf 5 

generalized tuberculosis were noted. This w^ork- '5 

er observes that the incidence of tuberculosis 
did not prevent the herd increasing in size. j ; 

Tlie writer eucounterod a case of tuberculosis 
in a she-buffalo in Lahore. The animal,, al- P 

though ill excellent bodily condition, showed a 
higli temperature, dyspnoea, an occasional cough, 
u jugular pulse and oedema of the dewlap. 

The owner stated that the buffalo was a heavy j 

milker and that she suddenly w^ent dry about 
two days before adiuissiou to tlie hospital. The 
ease was diagnosed us fruuuiatic pericarditis 
witli piieumoniii, as a complication; death ; 

occurred on the 3rd day. Post-mortem exaiuiua- ,5 ,{ 

tiou showed extensive bilateral pulmonary 
lesions with tuberculous pneumonia ol the an-. ' 

terior lobes. Tlie lesions varied in size from a 
]jea to a tennis hall. The contents of the lurgei’ 
tubercles were dissipated, with cavitation, 

(Plate X figs.. 3 and 2). The mediastinal and 
bronchial glands were enlarged and extensively 
caseated. No other [lart of the l) 0 <ly was found 
affected. This ease iudieates that the biidilv 
condition may at times be so tvidl maintaiiayl 
that disease may not he suspected, tliough ii. 
niav he advanced. 

Data emicennng the types of (nlu'rclc ]>aeilli 
isolated from the buffalo arc extremely lueagre, 
and this investigation on abattoir material was, 
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Loi 

therefore, undertaken to provide such data. 
Since the data obtained from one province alone 
might nob be applicable to the whole of India, 
the investigation was centred at three \videly 
separated places, vis., Isatnagar (U. I*.), 
Bombay City and Calcutta and included the 
examination of buflaioes from both rural and 
urban areas. In all, 500 buffaloes were 
examined, viz., 250 at Izatnagar in 1940, 120 
at Kurla ill Bombay City in 1941 j and 190 
buffaloes at Calcutta in 1942, The animals pre- 
sented for slaughter at these places had no 
doubt been brought up under different living 
conditions and were thus to some extent repre- 
sentative of both town and village animals. 

Tecunique 

Material from an abattoir near Izainagar was 
brought to the laboratory and exunnued by 
culture and animal inoculation; at Bombay 
and Culcutta material was straightaway inocula- 
ted into guineapigs which were subse<,j[uei,itly 
examined at the Institute, yince primary cul- 
tures from tuberculous lesions were not obtain- 
ed an Dorset egg medium in the first attempts 
at Izatnagar, the original material was in ail 
further oases inoculated into guineapigs froixi 
which cultures on Dorset egg were successfully 
■raised. 

INCIJUISNUE OF INFECXION 

At izatnagar abattoir, about 90 to 40 buffaloes 
are slaughtered daily, the animals being brought 
from villages within a 50 mile radius. Buffaloes 
of both sexes, usually 6-10 years, are slaughter- 
ed and are mostly in good condition. The post- 
mortem examination was necessarily confined 
to the lungs and to the thoracic, pharyngeal, sub- 
maxillary and mesenteric glands. 

In Bombay, about 20 female buffaloes are 
slaughtered daily. These animals are in good 
condition and are disposed of by city dairies 
when dry or nearly so. The unfavourable condi- 
tions of maintenance render them more liable 
to tuberculosis. In Calcutta the buffaloes 
slaughtered are in fairly good condition and they 
are probably of mixed rural and urban origin. 

The incidence of the disease among the 
animals examined was as follows: 


Number 

1 

j Tuberculous 

Percentage 

iKatnagftr 

250 

|... 

6 

i 

2*4 

Eurla , . 

. 1 120 

16 

ia-3 

Calcutta 

. i 180 

3 

2*8 


In stall-fed buffaloes of Bombay City, the inei- 
dence was high compared with that of pasture- 


fed animals bred in tbc rural districls around 
Izatnagar. Tins perceiiLogc ilucs not, pw’liaps, 
represent the average incidtnicc of tubcrcubjsis 
in buffaloe.s iii India, as many of litesc aninuib, 
may have been sent foi' slaughter because, iIk'v 
were obviously diseased, and disposal by 
slaiigJiter proved a eonvenienl means of reiu()\al. 

Table 1 shows the age, sex, and defails of 
infection of the 2.1 tiibereulons biii'faloes: 


Table I 


Num- 

ber 

! 

Idace 

f Sex 

Ago 

(years) 

Site of lesions 

1 

Izatnagar 

F. 

s 

Broil, Caleiticd 

2 

... 

M. 

8 

Po,st. Mud 

3 

... 

F. 

0 

Broil, tnleilied 

4 


F. 

10 

Sruu. (Jaleilli’d tiilierelos 

5 

... 

M. 

8 

Post. Med. tubereule.s 

6 

... 

F. 


Ante.-Med. Ualeiiiud tuljcr* 
eles 

7 

Boiuba.v . 

F, 

0 

Alied. ife Brciii 

8 

... 

F. 

7 

Broil., eaacatiug liibereleH , 

» 

... 

F. 

5 

Post. .Med, & lili. lung, 
numerous tubercles 

10 

- 

F . 

8 

Bron. & Post. Med.# 
ealoilled tuliercles 

11 

... 

F. 

0 

lit. Broil. iV. Pvt. lung, niiiue* 
rous eascatiiig tuiiereles 

12 

... 

F. 

8 

Post. Med. iV, lit. Broil,, 
caluilii’d tubercles 

18 


F. 

7 

All thoraeio glands & butli 
lungs 

14 

... 

F. 

8 

Lt. Broil, ealeifieil 

15 

... 

F. 

10 

Lli. Broil, ealcitied. 

16 

... 

F. 

10 

Post. 'Med. 

17 


F 

8 

.\U thoracic glands & lit . 
main lobe lung 

IS 

... 

F. 

3 

Lt. Broil. Oaseatlug tuber* 
eles 

10 

... 

F. 

0 

PoM. Aled. gland., caleiilieil 
tiiben'le-. 

20 

1 

F. 

7 

Lt. Bron., ealeilied tubercles 

21 

... 

F. 1 

6 

Lt. Bron., calcined tubercles 

22 


F. ' 

10 I 

All tlmrueie gl.iuds. l.uugs 
free. Calejlied tiibt;rel(‘s 

23 

Calcutta , 

F. 

7 

■\U thoraeie glands and left 
lung., easeating tuberele- 

24 


F. 

s 

Bolh Broil., Caleilled tiiiair- 

25 

... 

t'. 

10 

Lt. Bron., Caleiiied tuivercle-, 

Bron. == bronchial glands 

jMcil.: -mcdiasUiia) 


As may be seen, lesions we,)'ij conliiicd to tiic 
thoracic cavity cither in the gltuids alonu or in 
the lung tissue, suggesting lliai flic meibod of 
infection is by tlic re.s]iiratoi.‘y tract. 'I’lie only 
x’ecord. in this country of iiifeetioii arising 1)\ .-my 
other route is that of Naik where infeclioii was 
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pi^esumabiy by the alimentary route. Most of 
the diseased animals were in fairly good condi- 
tion, and in some the condition was excellent. 
Calcification of the lesions (lo out of 25 cases) 
was not uncommon. Of the six oases at Izat- 
nasar, iJiree alone yielded tubercle bacilli in 
culture. Wliilst 16 cases were detected at 
.Bombay and confirmed microscopically, mate- 
rial froui only eight cases was inoculated into 
giuueapigs. Of the three eases in Calcutta the 
organism was recovered from tw'Oi thus 13 
strains were available for typing. 

Tvping ob' tubercle bacilli erom bufe aloes 

CulturaL Tubes of plain egg (Dorset 
medium) ijiocidai.ed from the precural and aub- 
lumbar glands and spleen of affected guinea 
}»ig’s unre incubated at 87°0. Grrowtli appeared 
alter five weeks o)’ in some eases after nine 


ion 

weeks. The aveffige number dl dRys fof appear- 
ance of growth in primary culture was 53 days. 
The second and third generation cultures grew 
more quickly but growth was not prolific. Cul- 
turally, the buffalo tubercle strains appeared to 
be typically dysgonic. and were nearly always 
restrained by added glycerin, with one excep- 
tion (strain 7), which grew equally in plain and 
in glycerinated egg media. 

Animal inoculatmi. Guinea-pig inoculation 
with organ-suspension from the primary lesion 
appeared to indicate that] the virulence of the- 
organism was lower than that usual for bovine 
types, since in some cases five months elapsed 
before death. Experiments with the second and 
third generation cultures indicated, however, 
that the virulence was of standard type. Table 
11 shows the results of virulence tests in rabbits 
guinea-pigs and fowls: 


Table II 


Strabi 

Animal 

Inoculum 

Result 

(days) 

Post mortem 

1 

G. pig 

Gland suspension 0*5 e.c. 8/c . 

K. 105 . 

G. T, 



54 45 'J 

K. «(» 

a T. 



1 • 0 mg. of 2iid gen. cult. S/c. . 

D. 00 

G, T. 



O'lmg. „ ,, „ . 

D. 07 

G. T. 


Rabbit 

O'lmg. „ „ l/v. . 

D. 22 

G. T. 


•? 

'? 9J SV •• • 

D. :is 

G. T. 


)5 

f) • 0 mg. ,, ,, S/c . 

D. 101 

G. T. 


Foul 

I’Omg. „ „ I/v.. 

D. 54 

Spii'oehaetosis. Ffo T. Bi 


” 

O-Olmg. 

D. 190 

Death due to other causes., JNo T. 11. 


G. pig 

0>5 e.c. of gland suspension S/c 

K. 04 

Enlarged and caseous local and lumbar gld . 



55 55 55 

K. 99 

53 3J 33 



1 ■ 0 mg. 2nd gen. cult. S/c 

D. 54 

G. T. 


M ‘ 


D. 91 

G. T. 


■Rabbit 

Ovlmg. ,, „ I/v. 

D. 52 

G. T. 


)) 

O-Ol mg. ,, „ „ 

D. 38 

G. T. 


?5 

o-Omg. „ „ „ 

D. 114 

G. T. 


Fovvl 

1-0 mg. ,, ,, ., 

K. 248 

No T. B. 



0-01 mg. „ „ 

D. 19 

No T. B. 

3 

G. pig 

O-.l c.e. gld. suspension S/e 

K. 94 

G. T. 



)) SJ ,J 

K. 59 

G. T. 


r. • 

1 • 0 mg, 2nd gen. cult. S/e 

D. 24 

Peritonitis 



0 • 1 mg. „ „ 

D. 66 

G. T. 


Rabbit 

0-1 mg. „ I/v 

D. 26 

G. T. 



b-Olmg. 

D. 29 

G. T. 



o-Omg: „ S/e, 

D. 50 

G. T. 


Fowl 

1-0 mg. „ I/v 

D. 32 

Ranikhet disease ■ 



O-Oi mg. 

K. 248 

No T. B. 

4 

1 Rabi>it 

.5-0 mg. 2nd gen. cult. S/c 

D. 58 

G. T. 



Ovlmg. „ I/v 

D. 15 

T. B. ? 



0-01 rag. „ „ ,, 

D. 19 

T. B. ? 



0-1 mg. 4th gen. „ „ 

D. 30 

G.T. 



0*01 mg. „ „ „ 

D. 33 

G. T. 


G. pig 

1 • 0 mg. 2u<l geii. „ S/c 

.D. 42 

G. T. 



0-1 rng. „ „ „ K 

D. 50 

G. T. 


y/c -Suboutaneouaiy. I/v=Iatraveuou8lyj D.=Died K.=KilIed G. T.= Generalized tuberculosis 
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Result 

(days) 


Post-mortem 


Inoculum 


Animal 


Strain 


Rabbit 


Rabbit 


Rabbit 


0 • 0 mg. 2rul gen. cult. S/c 

O' 1 m.. „ „ I'/v 

O' 01 mg. „ j, „ 
0 • 1 mg. 4tli gen „ „ 

O' 01 mg. „ „ ,, 

1 ' 0 mg. 2nd gou. „ S/c 
O'lmg. „ >, ,, 


Rabbit 


5 ' 0 mg. 2iid gen. cult, 
O'lmg. „ 

O'Olmg. „ 

I'Omg. „ „ 

0 ' 1 mg, „ 5 , 


Rabbit 


Rabbit 


2iid gen. 


Rabbit 


Rabbit 


Babbit 


S/c = Subcutaneously X/v ~ Intravenously 


Killed 


G. T. ~ Generalized tuberculosis. 





Fig. 2. Lmig. An extensive caseatin 
tubercle with ninuerous smalh 
tubercles. The lesions ai 
breaking down to show cavit 
formation. 



U will ho from tiu* Table II thn,t; 

Ail'C'?' ]•() S,('. o-uiiu'M sui’vivod for 

.90/7!, days, mean 5! days. 

Alier ()■ 1 my. S /<. uuiiio;) pigs survived for 
32-01 days, mean .“>7 days. 

Aifer Od mg. I/v raii'bils survived for 21-52 
days, )neau Hi. days. 

After O'Oi mg. rabbits survived foi' 22-50 
days, mean 37 clays. 

After 5*0 mg. S/c rabbits survived for 50-125 
32-81 days, mean 57 days. 

Fowls inoculated intravenously with O’ I and 
0*01 mg. of culture showed no evidence of 
tuberculosis wlien examined six months later. 

Tims, the results of pathogenicity, and cnl- 
ttiral tests indicate that all these 13 strains are 
of bovine type and that second and third genera- 
tion oiiltnres of standard virulence. 

Summary 

The available literature on tuberculosis in 
buffaloes is reviewed. 

Examination of 500 buffaloes slaughtered in 
three abattoirs in the United Provinces, Bombay 
and BengaT yielded 25 cases of iuhercnlosis. 
Mycobaciterinrn tuberculosis was isolated from 
1.3 of these. Cultural and biological studies 
showed them to be of the bovine type and the 
viinilence was standai’d only after the strains had 
been cultured. 
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SOME OBSERVATIONS ON ‘ WAH ’ OP GOATS AND SHEEP IN SIND 

By H. 8. Bawa, M.B.C.V.S., Veterinary Investigation Officer, Sinil, Karaofii 


(Received for publication c 
(With 

The disease kiiovai, as Wah occurs in ce“rtain 
districts of vSincl, vk. Nawabshah, Tharparkar, 
Sukkur, Hyderabad, and Badii. 

The local name Wah means in Sindhi rlieuma- 
tism, i.e, a painful swelling of the joints. The 
disease occurs throughout the year, but it,s 
incidence .seems to be more common during the 
month of February. Some herdsmen believe tliat 
the new shoots of grass arriving with the onset of 
the summer and winter rains are the aetiologieal 
factor, especially when, they are grazed on with the 
morning dew on them. Mortality varies in 
different outbi'eaks from 10 to 30 per cent. 

P^jThe condition was first noticed in Nawab.sliali 
in 1937 })oth in adults as well as kids, and a three- 
-,/.!ay old affecti'd kid was purchased for pathological 


on 21 September' 1943) 

1 Plate XI) 

.stud.y, which constituted the .start of it 
investigation. 

The clinical pietiii-e, coui'se and morbid anatomy 
will be described briefly. 

SyMP3^0MS 

They are both systemic and local and are well 
marked .so that the shepherd is quick in reoogni?.« 
ing them. It is usually a chronic disease, Init 
when acute, there is a sharp rise of temperature 
and a total or partial arrest of milk secretion, 
followed by great debility and death before any 
local lesions develop. 

The acute form of the disease’ is rarely seen, 
wliile the .suh-acute form with local lesions is 
wliat generally met witli, In sub-aento case.^ 


106 'WaW of Goats 

the primary local lesion is generally in the udder, 
whicli ])ecomes hot, swollen and painfnl, while 
ihe milk becomes either thick or thin and watery, 
oeeasionally blood-tinged, with fibrin clots and 
is greatly reduced in quantity. A painful swelling 
of the knee and hock Joints appriai-.s three or four 
days after the udder complications, giving rise to 
acute lameness. The swelling of the udder 
subsides within seven to ten days and is followed 
by an atrophy of the gland. The milk secretion 
does not return to normal. The few drops which 
can be squeezed out with great difficulty are 
greatly altered in consistency and appearance, 
having become either thick or wmtery and 
flocculent. In about three months the swelling 
of the joints decreases and the lameness dis- 
appears ; the mammary gland becomes soft and 
on palpation may he found to contain indurated 
areas. Usually only one quarter of the udder is 
involved. When the whole udder is involved, 
there is no secretion of milk in the affected 
quarters on the next kidding, with the result that 
the young ones die of starvation. Lambs and 
kids may he infected in utero and show swelling 
of the hock, knee or fetlock joints at birth and are 
unable to stand (Plate XI). The majority 
of them die after a few days. 

Sometimes the disease affects the mammary 
glands only. In one outbreak 5 per cent of the 
affected goats and sheep had inflammatory eye 
le.sions, viz., conjunctivitis, corneal opacity and 
the presence of highly-mjected minute ' blood 
vessels in the sclera, immediately around the 
cornea. In this particular outbreak 20 per cent 
of the animals showed obvious lachrymation. The 
lactating animals are the most susceptible, but 
males and the non-lactating aninials may also be 
affected. Young animals are less susceptible 
than adults. 

It has been observed that abortion is quite 
common among goats suffering from Wah, the 
percentage of abortion varying from 5 to 20 per 
cent. 

It may be mentioned here that generally the 
disease is seen in goats only, while sheep in the 
same area, though grazing and, living with affected 
goats, seem to remain free. Only one outbreak 
has been recorded in which both goats and sheep 
were seen to be affected. In the experimental 
animals the symptoms observed were the same as 
those noticed, in natural eases. Under natural 
and experimental conditions only a certain, per- 
centage of animals contract the disease. 

Mokbid anatomy 

Autopsy on ten natural cases of the disea.se and 
three experimental goats revealed that the main 
ohanges were eonfi.ned tq the knee and mammary 
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glands. Tlio postmortem findings summai-izcd 
below in detail : 

Knee pints. The swollen joints wei'e pain fid 
and soft on pT'essnro, and contained an inxet^ss oi’ 
fluid. The hursa(^ were tliiekened iind was 

fibrositis. 

Mammary (jland. T!u^ gla.nd was atrophied and 
soft and had indurated ar(^a,s. i n a,e,nte e.a,s('s tin; 
gland was infl.ammed, and sho wed ai'eas of JU'ci'Osi.s. 
The mammary lymphatic glands w»n-<^ also 
enlarged in acute cases. 

In some cases the liver ap]3eai‘od, to bi^ enlarged ; 
sometimes there was infestation witii liver-fliik(‘!!, 
while at other times no parasite could ho found- 
Other organs were normal, except i.lnd tlie 
stomach, and intestines show’-ed a varying d(\gi’oe 
of helminthic infestation, among winch ampiiis- 
toines, EaemoncMs eontorfms, and Trichurin oris 
were predominant. 

IIlSTOPATHOLOGY 

Knee joints. There was pei-i-arthritis, witli 
proliferation of fibrous tissue. ,!h. some cases 
only bursitis and supoilieial fibrositis were seen. , 

Udder. Tnflammatorv changers with multiple . ^ 
abscesse.s wore noticed in, experimental animals, 
which had been given infective niatei-ial through 
the teat canal. These changes were also noticed 
in some natural oases. In some cases, advanced 
hyperplasia of the fibrous tissue with monocytic 
infiltration round the acini was seen, and in otliers 
slight monocytic infiltration round the acini and 
very slight fibrosis were noticed. 

Liver. Biliary and portal cirrhosis, extensive 
haemorrhagic areas (haemorrhagic infarcts) and 
verminous nodules, eosinophile infiltration, asso- 
ciated with necrotic changes were observed. No 
helminth parasites could he detected in sections. 

Bacterioi.ooy 

Examinations of smears of blood, milk and films 
from the cut surface of the mammary gland and 
from knee joint fluid repeatedly proved, negative 
for pathogenic micro-organisms and protozooa. 

In most cases the cultui-al examination of 
different organs, viz,, liver, spleen, kidney, 
mammary gland, knee joint, milk and urine 
failed to reveal any pathogenic oi’gaiiisms. 

In one case eoliform organisms were iholated 
from the liver, spleen, kidneys, heart-blood and 
knee-joints, but they wore of no pathogeiiif 
significance, as botli the young iuid old were seen 
to he affected alike and tlnu'e was uoliiing t-o 
suggest navel-ill or joint-ill. In one^ instance 
staphylococci were isolated from the j(}int liuitl. 
The.se presumably wer(‘ eon.taniinauis, as n,o sign, 
of pus or abscess formation has ever ])eea s(am. in 
the knee joints. 

Milk, blood and urine from affected animals 
yrere culturally examined for BnaudJa (thorlitM i 
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and BrucBllo, meliLensis with lioffativB results Ti’rt*. 

Numerous samples of blood sera were examiuod goats weje biwllirtrS^ h f ' 

and found to be noL^ative on /hn'alni.Tnn.f.inn friv « i ^ P , lU Ordoi to IiaVG 


_ - j; UUXC4. VVVtU CJiLClMUllcUU 

and found to be negative on agglutination test for 
Brucella mfeotion. 

TnANSMlSyiON 3i!XPEIiIMENTS 

1 lie, so oxperimoul'S wore conducted with a view 
to finding out the infectious nature of the 


j* 1 xvu,i«,um lu oracr no nave 

a fresh sujjply of material at hand. 

Experiment No. 1 

Four healthy goats wore used, and the material 
was obtained from the donor goat, No DI 

brought from Jamosabad. 


Expt. 

goat 

No. 

Date 

Route 

Material 

Dose 

1 

27-4-39 

Iiitrav. 

Blood 

5 C.C. 


Do. 

Subcut. & orally 
Tor 7 days 

Milk 

10 c.c. 

3 

Do. 

DroiicJiod for 8 
daya 

Faeces and 

urino 

15 c.c. 

4 

Do. 

Subout, 

Kiioo-joiut fluid. 

2 c.o. 


j-,iu7 ui WW3HO eAj[)on.meniiS ^^xaDlo ij 

suggest that the disease is not ti'ansmissiblo by 
the above routos with the material used. 
Experiment No. 2 

_ Sinccj in experiment No. 1 intravenous inocula- 
tion of blood in goat No. 1 sbowod some rcac- 


Showed rise of temp, to 103 '8“F. on 7th day 
and again to 104°ii\ , bn 14th day. Kept 
under observation for two months but 
showed no signs of disease 

Kept under observation for two months, but 
showed no signs of the disease 


vxp,., uouiucu ro repoar oiooa inoculation, 

rhree healthy goats were used for this experiment. 

No definite conclusions could bo drawn from the 
experiments (Table II), as the animals did 
not develop the disease while under observation 
for two months and a half. 


Expt. 

goat 

No. 

Date 

Route 

Material 

Doao 

Remarks 

5 

6-5-41 

Intrav. 

Blood 

10 c.c. 

Showed thermal reaction to 104°E. on 23rd 
day after injection, which returned to 
normal after two days. Goat abort^ 
on 21at June. 

6 

Do. 

lutrav. 

Do. 

10 c.c. 

Same as above, except that goat did not 
abort. 

7 

Do. 

Subcut. 

Do. 

10 c.c. 

On 2nd day of inoculation temp, ro.se to 
105 -S^E. due to abscess formation. Abs- 
cess burst on 4th day, and temp, then 
returned to normal. 


Experiment No. 3 

This ox]i{'.rimeiU, ^vas designed to explore the 
possibility of milk b.'iug tlie carrier of an. infective 
agent ; also to see if th(! teat canal would servo as 
'_th(.t route of infection, since milk given subcutane- 
‘ ously and orally to goat No. 2 in Experiment No. 1 
failed to produce the disease. The goats used 


for this experiment, and experiments to follow 
wore in lactation. 

Preparation of inocida. Milk in all the experi- 
ments when given via the teat canal was diluted, 
with boiled distilled water, in ratio of 3 : 1, after 
the milk had been filtered through sterilized gauze 
to free it fixim blood and fibrin clots. 
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Table III 

Material obtained from donor goat No. D3 


Expt. 

goat 

No. 

Date 

Eoute 

■ ■ ■■ 

Material | 

Dose 

RatnarliB 

8 

April 4, 

42. 

Left teat canal 

Milk 

. ' . ■ j 

15 e.c. 

Acute changes seen in left teat. Rt. teat 
remained nornial. Changes in mill-: in 
both the nddors resend )led those seen 
natural cases. Died, on 2IJrd April 11143 


Tjius a disease) confined to the udder was j)ro- 
duceei in goat No. 8 (Table HI). 

Expej'iment No. i 

This experiment was designed to see if milk from 
exptl. goat No. 8 was inlectivo. Ojio liealtliy goat 
No. 9 was injected via the teat canal, the left and 
right teat canals receiving respectively 20 c.c. 
and 10 c.c. of milk from the left and right side of 
the udder of goat No. 8. Acitte changes were 
seen in the left side of the udder, an,d the milk 
was greatly reduced in quantity. Eight days 
after the inoculation, acute lameness and swelling 
of the right knee Joint were observed such as are 
.seen in natural cases. 

. Thus the disease w^as successfully passaged from 
one experimental animal to another, and typical 
symptoms of the disease were produced. 
Experiment No, S 

One healthy goat No. 10 was housed and fed 
witli donor goat No. D3 received from Jamosabad 
(from the 4th April to 23rd May 1942 when donor 
goat died) in order to see if the disease could be 


conveyed by contact. The receptor, however, 
showed no inflammatory lesions of the udder or 
Joints, and the temperature remained normal. 
The animal, however, showed changes in the milk 
and udder, became emaciated, and died on the 
11th June 1942. 

Thus the di.sea8e appears to be transmissible by 
contact, when the diseased and healthy goats are 
housed, and fed together. 

Experiment No. 6 

Experiments No. 3 and 4 proved that the infec- 
tive agent is present in the milk and that the disease 
could be conveyed via the teat canal. This 
experiment was designed to see if the disease could 
be produced in healthy lactating animals by 
injecting milk suboiitaneously or intra musou- 
larly. liiociila consisted of three ooliootive samples 
of mammary exudate taken from three batches of 
four, throe and three goats suffering from Woih 
received from Laso Mahomed village, Khipro and 
MirpurkJias on 23rd October 1942, 22nd October 
1942 and 1st February 1943, respectively. 


Table IV 








, Expk 
goat 

' No. : 

i 

Date 

1 

Route 

Material 

Dose 

Remarks 1 

11 : 

29-10-42 

Si.ibcut. 

! Mtanrnar.y 

1 exudate 

10 c.c. 

Only local reaction was pjroduced at the 
site of injection. Goat was kept under 
observation for 1^ months, but showed 
chaJtge.s in milk only 

12 

A::''',Ro, 

Intra-mus(!ular 

1 Do. 

I 8 c.c. 

Changes in milk were noticed on Otli day 
and inflammation of knee joint arid 
laraone.ss on 13th day after inomilation. 

Died on 26 November 1942. Tyfjical 
disease was produced 

13 

:9.2.43 - 

Do. 

1 ■ ■■ 

1 Do. 

10 c.c. 

!■ 

i 

1 ■ ■ J 

Acute inflammation at site of injection, 
goat went doud-lame and olT-foed. In 
course of threo day.s infla.ra.rna.tion ootri- 
pletely subsided. Ou 10th and 11th 
day after injection, changes in milk and 
the inflammation of knee wore noticed. 
Typical di.geaso wa.s i^roduced 
^ ^ 
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The results of ^perimeut No. 6 (Table jSlf^an-liour, as most known viruses 

eel that the disease could be piuduced in susc^ destroyed at temperatures ranging boween 

animals by 58°C and 60°G. This experiment also served to 

inoculation of milk from affected cases. show whether infection could be conveyed froin 

Experiment No. 7 n 4 ^ can if the the exporimentally-pi-oduced disease to a seconc 

This experiment was designed to see it the the expori j i 

infective agent, which is believed to be a filterable healthy goat. 


Table V 


Expt. 

goati 

No. 

Date 

Route 

Material 

Dose 

Remarks 

14 

27-2-43 

Intra muscular 

Mammary 
exudate from 
goat No. 13. 

15 e.c . 

Slight lameuess in fore-legs and changes in 
milk. Subacute type of disease produced 

15 

1-3-43 

Do. 

“ Do. ” heated 
G0°C. for 1 an 
hour. 

15 e.c. 

No reaction 


This emerimont (Table V) shows that fte 
di«lo cal bo passaged 

agent is destroyed when heated to 00 C. lot halt 

an hour. 

Discussion 

According to the 1939-40 Annual Report of the 
Imperial Veterinary Research Institute^ M 
S believed by early workers 
enthrax or haemorrhagic septicaemia, ihc 
present experimental and held investigation shows 
that Wah is none of the above-named diseases. 

" As Xady indicated, no gmwth has been 
^ obtained by sowing samples of morbid mateiial 
^ on iSrato^y media, and no pathogeme organisms 
could be seen on microscopical examination _ of 

milk, blood or knee joint fluid. .It seenis fJiat the 
^usative agent will probably prove to be a filtei- 
able virus. (Attenijits at isolating a virus could 
ii^be made in the author’s laboratory owing to 

^^Ilio^cldef syinptoms of the disease, viz, ^abor- 
tion swelling of the joints, lameness, disturbances 
ofinilk seertdion and keratitis are also seen in 
goats and shoop snlToring 

I Tifibni'.' 192()1. An examinafioii of mine, miiK, 
lood and bliod sora from tho affected cases, 
-s mvcver. indicated tliat Wah is not due to 

iurcction, while the absence oi undulant iever in 
human beings consuming the milk from affected 
mats furthia- supports this conclusion. .Ibe 
tyroptoins of the elisease, as semn in natural c^es 
and as shown by experimental amm^s. res^bte 
contagious agalactia of ™ 

[Wooldridge, 1923 ; Galloway, 1930]. ^itei 
- has been able to reproduce tbo disease in healthy 


animals by inoculation ot aiterea ” 

to coVrmity withtho findings of Gelliand Da 
Blasi [18981. After the introduotion of virulent 
material viz. mammary exudate, into the 
mmimay gland; the milk was altered after throe 
mXm days ; in some cases the infection remained 
Sc^SSetS others after 10 to 12 ™ 

Oeiieralizatiou to tire knee jomts. This Mmg is 
fii agreement with that oi GaUoway [1930J, fto 
only difference being that no eye lesions were 
aZ-n m the writer’s experimental anmals. 
The infective agent, after heating to 60 0. f i 
half-an-hour, failed to produce the disease in 
ealtht susceptible animals. ^These results 

S cLparalde vdtli those of Moway [1930]^ 
The above evidence tends to show that Wah of 
Vo atri as found in Sind, bears a strong 

?ownbla.rce to contagious agalactia <>f *8^ 
o+c. o<a frmnd in Italy [Metaxa, IbioJ ana. 
TlfXdrgent & Roig, 1917]. If 

of Wooldridge [1923] it is stated that the 
di^-aseis limited to Europe, 

n mmteinous districts of Sw.tze.tand Ncndhein 
Italy and Southern France. This is the first 
vpoord of the disease in India. 

As to treatment, no specific cimative s^ent has 
been found for this condition. Bridre, Donatien 
-nrl TTilbert [1928] in a small number of experi- 
? J 4 dtoinS results with stovarsGl. 

This drug has not been tried by the writer owing 
xnib g -ni'ice Palliative treatment by 

ori^'afoXistration of magnesium f 
salicylic acid has given apparently benef ml 

The intravenous injection of Lugol s 


rPqllltS. nne Ul.Ul«iVCxr,vre..u j-- — - ^ 

solution and formalin has also been tried on i 
animals with varying success. 


few 
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A case of Tuberculosis m a Sheep 


Summary and conclusions 

1 . The disease of goats and sheep known as 
‘tvah’ occurs as a specific epizootic in Sind and 
is transniissihle e.xperiinentally. 

2. The disease bears a strong resemblance to ’ 
the condition known as ‘ contagious agalactia ’ 
and this is the first record of its occurrence in 
India. 

3. The symptoms, course and pathology of the 
disease are described. 

4. The pathogenic agent appears to be a 
filterable virus, sinco the dis(;aso is infectious and 
no specific pathogenic organi.sm could be isolated 
from the lesions. 

5. The causative agent is destroyed by heat at 
60°G. for half-an-hour. 

G. The incubation period in experimental goats 
is 5 to 11 days. 

7. Inoculation of mammary exudate intra- 
muscularly or by the teat-canal set up a disease 
similar to that seen in natural outbreaks. 

8. A healthy goat subjoetod to close contact 
with a natural case developed the chronic form of 
the disease confined to the udder. 

9. Lactatiug animals appear to be more 
susceptible. 
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A CASE OE TUBERCULOSIS IN A SHEEP 

By P. N. Nanda, M.R.C.V.S., Superintendent find Karnail Singh, L.V.P., Governnient 

Cattle Farm, Hissar 

(Received for publication on 28 August 1943) 


The incidence of tuberculosis in sheep is 
extremely low. Although rare cases have been 
recorded in a number of other countries, the 
present one appears to be the first case recorded 
in India. 

Subject 

A female lamb No. 503 [Lohi breed) 15 
montlis old. 

History 

None, The carcase was received for post- 
mortem examination in the Farm Vetermary 
Hospital, 

Post-mortem findings ; 

Nothing unusual was noticed from the 
external appearance of the carcase. On opening 
it pathological changes w'ere noticed in the 
thoracic cavity. Both the lungs wore adherent 
to the tiioracic wall a'ad the pleur® at these 
places w'cre thickened. The surface of the 
lung53 shoived greyish white patches varying in 
size from a pinhead to a walnut and giving them 
a mottled appearance. Still bigger patches of 


irregular shape were seen as a result of 
coalescence of the si nailer ones. Tl ua patclies 
were level with the lung surface and did not 
show any elevation. The lung tissue on removal 
was found to be firm, enlarged and hepatized. 

On section through the pfitohes, caseation with 
caleification wa's noticed. The substance of 
both" the lungs was extensively involved and 
very little tissue was left unaffected. There 
was no evidence of any cavity formation. The 
associated lymph glands were enlarged and 
indurated. On cutting through these glands, 
caseation and calcification was found. 

Nothing abnorrual was found in, the othoi* 
organs. . 

liABORATORY FINDINGS 

Smears from the lungs and affected lymph 
glaiids were prepared and, stained by the 
^iehl'Neilseii method. On examination under 
the microscope, acid fast organisms indistin- 
guishable from tulicrcle liacilli were do tectial. 

Materia'l was sent to the ReHearcli Officer, 
Tuberculosis and Johne’s Disease, Imporiak--'- 








SOME OBSERVATIONS ON THE LIFE-HISTORY OF THE DOG TICK 
RHIFIGEPUALVS SANGUINEUS (LATREILLB) AT MUKTE8WAR* 

By S. H. Sai>ke, B.8o., 6.B.V.C., Eeseardi Scholar, Imperial Veterinary Eesearoh Institute, 

Mukteswar-Kiimaiin 

(deceived for publication on 1 December 1943) 


Tite greater part of the material used in tins 
work was received from Bombay and Baroda. 
The observations were made at Mnkteswar (alt. 
7,ri()0 ft.). 

H. Sanf/uinGus does not appear to adapt it- 
self as readily as Bi)ophilus a^istralis to the at- 
}iios|)lR;ric (Ratdiiioiis existing at Mnkteswar, 
and spe.fiimons of this speca'es could only be 
collected in very small numliers from local dogs. 

Christophers' [1907] made an extensive study 
on the life-history of R. sanguineus under Indian 
conditions but this was incidental to his work 
on the life-cyale of Babesia cams in tliis species 
of tick. It is evidently on this account that his 
records are not complete and do not indicate 
the teiTiperature at wbicli tlnj specimens were 
reared. Nuttall [1914], at Cambridge, worked 
out the life-history of tins parasite in some de- 
tail at 30” 0. Th*e present observations on the 
non-parasitie stages of the .tick were carried 
out at 22”C., a temporature slightly lower than 
that used by Niittall, and a relative humidity 
of 80 to 90 per cent. In all cases the paranitie 
stages of the ‘tick were accomplished on the 
dog. 

I. Observations relating to oviposition. Two 
batches, the first of 29 and the second of 20 
gravid females, were kept under observation. 
Oviposition commenced three to six days (av., 
four days) after the gravid female left the host, 
the process of oviposition lasting 14 to 18 days 
(av., 15-0 days). The female survives 2 to Id- 
days (av., six days) after oviposition ceases and 
lays M85 to 3o50 (av., 2140) eggs. 

IT. The duration of egg stage. The duration 
of the egg stage as calculated from the com- 
mencomoiit of ' oviposition to the date of emer- 
gence of. the first larva was found to be from 2u 

" * Paper veal at tbo Indian Secience Copgross held 
‘ at Bai'oda, dan nary 1942. 


to 40 days (av., of first batch 31-9 and of the 
second batch 31'3 days). 

III. The larval stage. More than a 1,000 
individuals were observed. These divided into 
16 batches vvere put on the host for feed, the 
host being maintained at 1-4 to ll^B^O. The 
percentage of engorged larvae recovered on the 
fourth day was 02 to 76, on the fifth day 14 to 
30 and on the sixth day 1 to 2 only. In one 
instance alone engorged larvae were recovered 
on the third day, and these were very few. The 
non-parasitic period of the larval stage was 24 
to 30 days at 22°G. 

IV. The nymphal stage. About 325 indivi- 
duals were divided into six batches. The tem- 
perature at wbicli the host was maintained was 
2-9 to 5-l°G. The percentage of engorged 
nymphs recovered on the fifth day was negli- 
•gible, that on the sixth was 40 to 54-5, on the 
seventh 28 to 45, on the eighth 5 to 9-5 and 
on the ninth 1-2 to 6-3. The non-parasitic 
period of the nymphal stage varied from 30 to 
43 days. Of the 825 nymphs 193 emerged as 
females while 129 as males. The sex ratio was 
approximately 2 males to 3 females. 

V. The adult stage. 49 females and 82 males 
in two batches were put on the host to feed. 
The host was kept at 11-0 to 14-6°0. Daily re- 
coveries of replete females were 9, 22, 6, 6, 4, 
1, 1, from the 9th to 1.6th day. 

Summary 

R Sanguineus requires three hosts upon which 
to feed. At 22”G. the oviposition lasted for_ lo 
days, tile egg stage was 31 
periods for larvae, nymphs and adults were 4, 
61 and 10 days and the non-parasitic periods 
were 27, 30 and 25 days respectively. The 
narasitic periods of the parasite remained 
Listant inLpictive of the variations m tempe- 


S. N. Sapeis 


Vcici'lnary .BeKcarcii. I'lisUtuie, Mnkteswar, who 
)'cpo,ri'cd : “The diagnosis of tuberculosis 

was courirmc-d and the strain of tuberole 
bacillus isolatud proved to be of the bovine 
t,v])edb_ 

A high iur'ide.iice of tube.rculosi.s was noticed 
lit catfle on i,lii.s' I'arm in 1939-dU, though,^ at 


111 

present, it has been considerably reduced by 
judicious management and suitable preventive 
measures. It is highly probable that this sheep 
contracted infection from the bovine stock on 
tile farm, particularly as the bovine strain of 
tubercle bacillus was responsible for the 
dibcase. 


Chi'islophorfi, 

CtlCl/tUZOi 


Poisoning of (Batura Stramonium 1^.) 

rature, on the other hand the non-parasitic . oncers of .¥cd. ^SnnlL Dap. of Govt, of India 

periods appear to be inversely proportional to an , . ^ ^ , 

• 1 +^w,vvnvn+in.o, Christophef5i'!, S. Ei. (l'J07). Pirplasma cams and its 

increase or decrease in temperature. « Ufe cycie in the tick 5'ci. cfe SaniL De.p. 
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POISONINO or LIVESTOCK BY DATURA STRAMONIUM h. 

By Naeais' Bas Kehae, and K. Govinda Bait, Animal Nutrition Section, Imperial Veterinary 
Research Institute, Izatnagar 
(Received for publication on 6 September 1943) 

SoDDEiV illness and death occurring among dudes observations on the feeding of Datura 


draught animals at pastures on the Institute 
land, Mnikteswar, led us to suspect the inges- 
tion of some poisonous plants. Consequently, 
a survey of the toxic plants of that area was 
initiated and feeding experiments with some of 
the plants were carried out. This article in- 


stramonium to farm animals. 

The tender parts of the plant, consisting of 
the leaves, dowers, fruit and the soft stalk, such 
as are ordinarily eaten by stock in grazing, were 
chopped and fed to two bulls, two sheej) and 
two goals (Table 1) after a preliminary fast 
of 24 hours. 


Table I 

Muktesimr variety 


Dates 

Species of 
animals 

No. 

Material fed 

Method of 
feeding 

Quantity 
fed during 
oxperir 
mental 
period 
(lb.) 

Symptoms 

Remarks 

22-7-38 

to 

30-7-38 

ICiunahni bulls 

2 

Whole plant 

chopped 

Voluntarily. 

In green 

grass or con- 
centrate mix- 
ture 

16-17 

' 

Nil 

Datura, whole 
plant in the 
unripe cap- 
sule stag© 

24-10-38 

to 

28- JO- 38 

Do. 


Wliole chopped 
plant with 

greens 

Voluntarily . 

8-9 

Nil 

Datura, in 
the ripe and 
unripe stage 

29-10-38 

to 

2-11-38 

Do. 


Crushed plant 
.suspension in 
water 

Drenched 

10 

Nil 

Do, 

3-11-38 

to 

11-11-38 

Goats . 


Ripe and imripo 
seeds crushed, 
in water a.s 
suspension i 

Do. 


Nil 

Do. 

22-7-38 

to 

30-7.,SS 


Whole plant j 

cliopped 1 

Voluntaril5^ 

111 green 

grass or con- 
centrate mix- 
ture 

9-10 

Nil 

Datura, whole 
plant in the 
unripe cap- 
sule stage 


J Sheep . , 

2 

Do. 

Do. 

8-9 

Nil 

Do. 

24-10-38 

28-10-38 

Goats . 

2 

Do. 

Voluntarily . 

i '4-4| 

1 

Nil 

Datura, in 

the ripe and 
unripe stage 


J Sheep . 

2 

Do. 

Do. . 

4 

Nil 

Do. 

29-10-38 
’ to' 

2-11-38 

1 Goats . 

1 

2 

1 Crushed whole 
j plant suspoiv 
j sion 

Drenched 


Nil 

Do. 


J Sheep . 

■2 

, Do. 

Do. 

1 n 

1 

Nil 

- Do. 

3-11-38 

to 

1 1 Goats . , 

2 ■■ 

Ripe and unripe 
! crushed. 

Do. 

Nil 

Do- 

11-11-38 

J Sheep . , 

2 

'■ Seed suspension 
; in water. 

Do. 

1 

Nil 

Do. 


Narain Das Kehab ahd iC. Govinda B>av 

The chopped plaot was _ co-e.- “ 
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lulls at a height of 


trfites or green fodder. For the first eight days 
the animals took the chopped plant voluntarily. 
BubBcquontly, as no ill effect was ^ 

feeding was continued by drenching the plant 
Suspension in water. Even then however, the 
animals showed no symptoms of , 

In view of the numerous cases of accidental 
and homicidal poisonmg '"‘I" ™teyu 
bv Van Itallio and T 3 ylsma [1928J ami .Y 
[1934], it was considered that the soil and ^ 


7,500 ft. might have alfected the aikaioiciai 

content of the plant. , 

A feeding oxperhuout similar to the aboTO 
was, therefore, undertaken at 
ID in the plains. The few symptoms that, the 
bulls showed on feeding at the rate of nbou 
1-2 lb. per day were constipation, buigmo 
the eve-balls with reddish discolouration of the 
lens, 'dilation of the pupils, slight drowsiness 
and an accelerated pulse. 


TAliLE II 
Izatnagar variety 


Species of 
animals 


Method of Quantity Symptoms 

feeding fed 

(lb.) 


J null 1 Whole chopped Voluntarily 

22.10-4i plant with con. 

wt. low lb. centrate 9 a.m. 


£)o. ‘Kmnaum 


12-30 Droopy Datura, ^ in 
falling head. ripe and un- 


2-30 eyes dis- 
coloured, bul- 
ged. Quick 1 
pulse. 23/10 
faeces coiisti- 
pated 


Wt. 224 lb. 
Do. 


1 

Do. 

Do. 

Do. 

Nil 


Do. 

Do. 

2 each 

Faeces consti- 
pated in both 





ut 2-30 ; in 


ripe capsule 
stage 


one eyes dis- 
coloured and . 
reddish, bul- 
ged. 24/10. 
in the other 
bull, drowsi- 
ness B,t 3 

P.M. 


plant in con- 
centrate 


As bolus by 
hand 

9 each 

Nil 

Voluntarily . 

3-3| each 

Nil 

Do. 

2| each 

Nil 

As bolus by 
hand 

2-| each 

Nil 

Do. 

Do. 

Do. 
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These observations are iu confirmity with 
iJ^ose of Sfccyn 1-1931], though Frohner [1919] 
reported the death of a horse within 52 hours of 
feeding 2«25 kg, of mature seeds. 

Active piungii'LE 

Van Itallie and Bylsma [1928] found* the 
total alkaioidal content of 0-2 to 0‘5 per cent 
to consist chiefly of hyoscyamine in the leaves 
and O' 2 to 0-4 per cent of hyoscyamine and 
hybscine respeetivoly in the seeds; Steyn [1934] 
rc[iortod a total alkaioidal content of 0'43 per 
cent, chiefly hyoscyamine. Chou [1935]: dis- 
covered datugen and datuguininc amounting to 
0*3 per cent., in addition to hyoscyamine, 
hyoscine and atropine. Fluck [1939] found that 
re- wetting or checking the drying process and 
harvesting the wet plant gave low alkaioidal 
yields. Sirgo [1939] observed that Datura 
seeds exposed to acetylene or carbon monoxide 
gases matured earlier but contained a lov^er 
alkaloid content than normally-ripened seeds. 

Discussion 

The observations recorded in Table I and IT 
indicate the innocuous nature of Datura stramo- 
nium growing in the two localities. A number 
of factors affect the toxicity of the plant, import- 
ant among them being (ij the amount eaten in 
a given period of time; (2) the condition of the 
soil — its porosity, moisture and oxygen content; 
(3) climatic conditions, •which may be responsi- 
ble for the production of a variable quantity of 
the alkaloid by their direct action on the micro- 
biological processes, which in their turn may 
affect the toxicity of the plant; (4) cultivation, 
which not only decreases the toxicity but in 
some cases, as in gourds, causes the entire toxi- 
city to be lost [Siiyi Chen and Wei Jenkao, 
.1936], while the difference in toxicity between 
the so-called wild plants of one region and 
another may be due to their being recent escapes 
from cultivation [Watts, 1908]; (5) the time of 


year, and even the time of day, which may in- 
fluence the toxicity of a plant, [Miklos Jamesek, 
1932] ; (6) the distriljution of ihc i(^xic principle, 
which may not be the samo in all parts of the 
plant; (7) the transmission of toxicity to pro- 
geny as seen in different degreos in Atropa 
helladona and other plants: (8) the stage of 
growth of tho plant and (9) the nature and in- 
tensity of light, which influences the alkaloid 
content of Datura from 0*1 to 0-254 per cent 
[Werner Braun, 1939]. 

It seems that the alkaioidal content in these 
plants was not high enough to cause typical 
toxic symptoms. However, from some of the 
mild symptoms observed by feeding the plant 
at Tzatnagar it appears that the hill variety is 
even poorer in these alkaloids. 

Summary 

Two samples of Datura stramonium Lin, a 
hill variety and a plains variety, were fed to 
bulls, sbeep' and goats, to study their toxicity. 
The bill variety appeared to bo consideralbly 
poorer in alkaloid content than the plains 
variety. Both the plants were innocuous. 
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NOTF ON THE METHOD OE CALCULATING SIDE INDEX EOn MILK 
PRODUCTION IN CATTLE 

By P. V. SuKHATME, Ph.D,, D.So., Statistician,'^ Imperial Council of Agricultural Research, 

New Dellii 

(Received for publication on 27th March 1944) 

There are two ways of using the information difference in yields between tlic daugbtei-s of 
about tho progeny of a sire in, judging bis worth ; a sire and their mothers and shoxvs whether a 
Progeny Test and Sire Index. The former • sire can produce daughters which average bottoi- 
consists in making a test of significance of the in milk yield than their dams, wdaeri the dams 
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are of the kind avaliabie on the farm. It does 
not siiow how tlie sire would behave if the dains 
arc of a higher level, nor does it help a breeder 
to compare the breeding value of two bulls 
from diherent forms. The Sire Index, on the 
other baud,’ is an estimate of the breedmg value 
of a sire in terms of yield of milk and can tell 
a breeder what and how much he can eaJpect of 
a sire when used on mates of any known, level. 

It follows that a breeder would prefer to 
adopt a sire index rather than a progeny _ test, 
provided the she index gave a reliable estimate 
of the breeding worth of she. In actual tact U- 
is doubtiui 11 sire index is absolutely so. The 
common form of she index, known as the 
‘Gommeroiai Mount Hope index , makes use of 
the assumption that the offspring, averages mid- 
way between the two parents. We do not know 
how far this assumption is valid, although in 
a character like the milk-yield which is deter- 
mined by multiple genes, it is not expected that 
this assumption would be far Irpiii the truth 
Then again a sire index is relatively more 
- influenced bv environmental difierences than is 
a progeny test. As against these considerations 
prLSy test in Fisher’s ‘t’ form, as observe(| 
above, is of limited use to a breeder. Logically 
the progeny test and she index ar6_ not 
mutually exclusive, as one is a test of signin- 
cance and the other is a problem m estimation 
and, therefore, the question of preiermg one to 
the other does not arise. The appropriate 
course is to make a test of significance and then 
construct: a sire index. This,_ however would 
involve considerable computational ''-vork. For 
■ • the present, therefore, it is suggested that the 
' use of she index alone be introduced in our 
breeding farms. 

It is not proposed to discuss the relative 
merits of the various indices that have been 
advocated for measuring the breedmg worth 
of a sire. The most common of these are 
the Daughter Average Index, which is 
average milk-yield of all daughters of a sire, and 
(2) the Commercial Moimt Hope Index, _ also 
known as the Intermediate Index, which is the 
difierence between twice the average milk-yieid 
of daughters and the average milk-yield 
mothers The first uses information on all the 
daughters of a sire, regardless of whether their 
mothers were tested or not, and consequently, 
is suitable for application in villages and on new 
farms where the mothers’ milk-yield may not 
be known, whereas the second uses information 
in respect’of only such daughters, whose mothers 
have been tested. The first is a statement of 
_ . fact independent of any assumption, whereas 


the second is a hypothetical figure based on tue 
assumption that the ofispring ave-rage midway 
between the parents and is, therefore, 
dent for its reliability on the validity of tins 
assumption. Both are afieeted hy environ- 
mental errors, but the second probably is more 
affected than the first. Notwithstanding these 
advantages in favour of the first, the Commercial 
Mount Hope Index is generally preferred 
bv the breeders, because it helps to predict the 
performance of a sire on mates of any known 
level, whereas the other, does not. Further 
statistical research on Indian data on the rela- 
tive efficiency of the two indices, and on the 
validity of the assumption used in the const- 
ruction of the second index, is clearly needfte, 
but in the meantime, it would appear that the 
Intermediate Index would be the more usetal. 

The formula for the Intermendiate Index ^is 
directly derived from the assumption that tne 
offspring averages midway between the sire and 
the mother, and is given by 

I = 2d — M , 

where d and M are the average milk-yMds 
: daughters of the sire and his mates (motheis 
^ daughters) respectively. The reliability of 
rlATiAndent on the magni- 




of 

of aaugmersj — . 

bills index is obviously dependent on the magni- 
tude of the environmental and the sampling 
errors. The former of these errors arise froin 
the difference between the environments of 
mothers and daughters and the possible selec- 
tion of mothers, whereas the latter, ansa 
principally from the , sampling nature of mheri- 
tance. Where it is reasonably certain that t-he 
environmental conditions of daughters are not 
distinct from those of their mothers, lest we 
credit or blame the she for somethmg which 
was due to the environment and where tJie 
mothers have not been particuariy selected, 
this index is influenced only by the errop of 
sampling and can be depended upon to give a 
reliable idea about the sire— provided a suffi- 
ciently large number of offspring is available. 
But environmental conditions usually differ not 
only from farm to farm, but also between dams 
and daughters on the same farm. It is, there- 
fore, -necessary to equalize tha eirviromnental 
conditions, so far as is feasible, so as to reduce 
to the minimum the environmental errors ot 
the index. By omitting locations wdiieh are 
abnormal on account of either (1) death of 'ijalf 
or still-birth, or (2) diseased condition of mother 
or daughter or (3) any other abnormal factor, a 
large degree of equality in the environmental 
conditions can be secured . At ^ the same rime 
it is also necessary to standardize other mapr 
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factors affecting luiik-yield in order to reduce 
sufficiently the environineutui errors. This is 
usually done by standardiiiing (1) the order of 
location; (2) the length of lactation and (3) the 
number of nhlliings per day. 

The eli'cct of selection of dams - is to under- 
estimate the value of the sire i.e,, to make the 
sire appear as il: he does not possess a- high 
measure of the transmitting ability, when in 
fact he does. The means by which we can 
allow for this effect, at least partially, is to use 
a slightly larger level of probability In tests of ., 
signiheance than is conventionally done. This 
will be explained later, 
it is usual to iuclude first lactation yields in 
caicuiatiug the idex even though they are 
not an absolute index to the performance in 
later lactations. The reason for their use is that 
a breeder wants to have the earliest indication 
regarding the value of a sire and cannot wait 
until all the later lactation yields are available. 
It is, of course, advisable to recalculate the 
index, as later lactations are recorded, but care 
should be taken to avoid the bias that is likely 
to be introduced by the selection of- dams and 
daughters that may have taken place in l)he 
meantime. Usually, the later lactation yields 
are reduced to their equivalent first lactation 
yields with the help of approved conversion 
factors before recalculating the index. No such 
factors have, however, been worked out for use 
in India, The appropriate course is to work out 
a regression of yield on the order of lactation 
from the material locally available and use it 
to convert the later lactation yields to their 
equivalent first lactation yields before recalcul- 
ating the index. This would secure the com- 
parability of one index figure with another. 
The procedure can be used wffiether the lacta- 
tions of dams and daughters are the corres'pond- 
iiig lactations or not. Where the order of lacta- 
tion of all mates of a sire is not known, though 
records of milk-yields are available, the proce- 
dure is only slightly different. No standard 
method can be suggested in either case, but 
statistical technique to suit the requirements of 
the data can be devised. 

Length of lactation is another important 
factor influencing the yield of milk. If the 
lengths of lactation of darns and daughters are 
unequal, sire index based on lactation yields 
may give a misleading idea about the value of 
the sire. Table VI showing the dam-daughter 
differences for yield and the length of the first 
lactation, gives an idea of the extent to 
which the length of lactation may influence 
the yield of milk. In .calculating the index, it 
is usual to allow for the difference in the length 


of lactation by considering the rnilk-yields of 
the first 300 days. In India just now, it might 
be' possible to provide for the reporting of the 
first 300 days’ yield in registers maintained on 
some farms, but it will be sometime before this 
can become general. In the meantime, the 
only course available is to recuieuiate the yields 
from what records there are, but these may not 
suffice,' and at any rate, the procedure would 
involve considerable time and Jabour. As an 
alternative, the lactation yields may be adjusted 
to the standard length of 300 days by the use 
of regression. Logically, this is actually a more 
appropriate method, since it uses complete in- 
formation on lactation yields, Moreover, it has 
an added advantage of minimizing the sampl- 
ing error of the sire index. In this method, the 
observed relationship between the yield 
and the length of lactation is used to adjust ijie 
yields to the standard length of lactatio.u. 
Betails of the method are illustrated later in 
Tables II and III. 

The number of milkings per day is another 
factor influencing the yield of milk. Milk-yields 
obtained under twice-a-day milking conditions 
are usually used in calculating the index. 
Where the number of milkings is more than 
two, the records are usually corrected to twice- 
-a-day milking condition with the help of approv- 
ed conversion factors. In India, twice-a-day 
milking is a general, and consequently, the use 
of such factors would be only rarely called for 
in practice. Where, however, they are needed, 
they may be worked out from the available 
past records. 

Even when the milk-yield records of dams and 
daughters are equalized, the differences between 
them will still be affected by errors which are 
partly systematic and partly random. In so 
far as the systematic errors are concerned, one 
can merely make a close study of the environ- 
ment and make allowance such as one thinks 
to be the fairest for departure from normal 
conditions, but beyond that, there is little that 
one can do, e.g.. differences arising from the 
practice of weaning in mothers and daughter's. 
Eandom errors are easier to deal with. They 
cancel out in the process of averaging. Gonse- 
quently^ when the number of darn-daughters 
pairs is sufficiently large, the sampling errors of 
the average milk-yields is small, and the index 
can be relied upon to give an accurate indica- 
tion of the breeding worth of a sire. 

The concept of sampling error is relatively 
new to breeders, consequently, it is not yet 
usual to calculate the sampling error as a guide 
to the reliability of the index. It is, howeverj 
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obviously ini',;ortunt not to misjudge the value the value of Fisher’s t corresponding to the 
ol; a. sire by taking his calculated index at its number of pairs less one or used in calculating the 
face value. The calculated index is' only an .index. By convention Fisher’s t at the 5 
esilmatio in terms of yield of milk of the true per cent, level of probability is used as multijilG. 
breedin.g u'orfch for milk production of a sire. In breeding problems, however, it seems appro- 
It is, liierofore, imperative to know the mag- priate to use the 10 per cent level of probability 
nitude of tire sampling error, so that a breeder since by continuous selection the genetic vari- 
may know tire extent to which the index is ance is reduced to a level at which gei.ietic 
likely to vary from chance causes. , difeences become difficult to detect. It 

The. sampling error is measured by what is i& as important not to underrate the value of 
known as the standard error in 'statistics, aiitl is a sire 'as it is important not to overestimate it; 
calculated in the manner illustrated in the . and it would, therefore, seem that 10 per cent 
oxiunpies given below. It is usual to add and is the most suitable level. The table below 
to substraet from the calculated value of the shows the 10 per cent values of t taken from 
index a fixed multiple of the standard error to Fisher’s book on ‘Statistical Methods for Be- 
know the extent to which the mdex is likeh? to search Workers’ and is reproduced for ready use 
vary due to chance. This multiple is given by / bj" breeders. 



2 3 ; , 4 . 

5 6 7 8 

9 

10 

11 12 

13 

14 

15 

10% = 6-314 

2*920 2*353 2*132 

2-015 1-943 1-895 1*860 

1*833 

1*812 

1*796 1*782 

1*771 

1*761 

1*758 

«= 16 

17 18 19 

20 21 j 2*2 23 

24 

25 

28 27 

28 

29 

SO 

10% » 1*746 

1*740 1*734 1-729 j 

' ' - ■ i 

1*725 1*721 1 1*717 1*714 

i 

jl*711 

i 

1*708 

1-706 1*703 

1*701 

i 

1*690 

1*697 


As to how many darn-daughter pairs are The concept of sampling error is applicable 
necessary to prove a sire, the answer depends to a group of records which can be adequately 

upon how sure of his proof one wants to be and expressed by means of their average and the 

i how much can be gained by testing more degree of variability around it. When we say 

daughters. If the systematic differences bet- that dams on a farm are of a 'particular level, we 

ween , the environments of dams and daughters imply this condition. Consequently, it is im- 

are large, even after carrying out all the sug- portant to make a statistical test of sigiiifi- 

gested adjustments, the accuracy of the sire cance to cull out extreme records which cannot 

index will remain low under any circumstances be regarded without hesitation, as random 

howsoever large the number of dam-daughter members of the group. Such a test is valid only 

pairs may be. On the other hand, if the en- after the records are adjusted to environmental 

vironmental differences lietween dams and. dau- , differences and is justified only on the mothers’ 
ghters are correctly discounted, the sire index records .since an exceptional record in daughters 

.may be considerably increased in accuracy by may result from the sampling nature of inlieri- 

increa.sing the number of dam-daughter pairs. tance. It is, however, beyond the scope of 

It will thus be seen that it' is difficult to fix the this note to describe this test for the rejec'^on 

minimum number of dain-daughters pairs, requi- of extreme records, 

red for calculating the index. The number of The detailed procedure ' of calculating the 
dam-daughter pairs as recommended by differ- Intermediate Index is explained below on the 

ent workers varies v.udely. While there is no records of Sindhi bull No. 38 from Hosiir Cattle 

harm in using as low a number of pairs as two Farm, Madras. Table I shows the main steps 

or three for deriving an indication of the breed- invoh’-ed in the calculations of the index, 

ing worth of a sire, it seems undesfrable to Columns 2, 3, 4 and 5 of the table sho'^v the 

publish an i.ndex based on fewer than six pairs. milk yield records with the corresponding nunr- 
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her of days of the first lactation of mothers and , 
daughters — sired by the bull. Of these, |he 
lact.nioii records e)f daughters of the 5th, 9th 
and the JOLii pairs and of the mother of the 8th 
ijuir are abnoruial for reasons mentioned in the 
remarks colunm, and are, therefore, ondtted 
from the calculation h. In the remaining records 
of mothers, there is none that is, either excep- 
tionally high, or low, which can be regarded as 
i’nconipatible with the homogeneity of the 
grouif). Columns 0 and 7 show the yields of 
mothers and daughters adjusted to the standard 
length of 300 days by the methods illustrated 
in Tables n aricl III. Column 8 shows the 
differences between twice the adjusted yield of 
daughters and the adjusted yield of mothers. 
Column 9 shows the squares of the figures m 
col. 8. The mean value of figures of column 8 
is the Intermediate Index adjusted to the stand- 
ard length of 300 days. In practice, it is not 
necessary to carry out the calculations to the 
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last unit as shown in the table. The calcula- 
tions can be sijii'plified by rounding the figures 
in the 8th column to the nearest tens. 

From the sum of the 9th column is subsrrac- 
ted a figure, known as tlie correction factor for 
the sum of squares, wli'udi is equal to the quo- 
tient of the square of tlui total of column. 8 by 
the number of pairs used. TLie ligure so derived 
is called the corrected sum of squares. The 
corrected sum of the squares divided by the 
product of the number of pairs used with, the 
number of these pairs less oue is the sampling 
variance of the Intermediate Index. The scjuare 
root of the sampling variance is the standard 
error of the index. As the 10 percent value of t 
corresponding to the number of pairs less one is 
1.796, the extent to which the calculated index 
is likely to vary on either side of its value is 
given by the product of the standard error and 
1,796 and is shown in the last row of the table 
under column 9. 


Showing the mlculation of the Intermediate Index for milk production of Sindhi Bull No, 38 from 
Hosur Oattle Farm^ Madras 



Milk yield in lb. 

Days of Lactation 

Adjusted yields in lb. 

Twice 



: .No.,, 

Mothers 

Paughters 

Mothers 

Daughters 

Mothers 
(from 
Table II) 

Daughters 
(from 
Table III) 

col. 7 
minus 
col. 6 

Square 

of 

ool. 8 

Bemarks 

1 

2 

3 

4 

5 

6 

7 

s 

9 

10 

1 ■ ■■■ 

2631 

3090 

346 

262 

1872 

3711 

6560 

30802600 


2 

3454 

3149 

349 

329 

2646 

2720 

2794 ^ 

7806436 . 


3 i 

2034 

2941 

271 

280 

2612 

3268 

4024 

16192576 


4 

3760 

3645 

376 

372 

2506 

2468 

2430 

5904900 

* Still ■ 

5 

4191 

931 

343 

87* 





6 

3537 

4967 

324 

373 

ski 

3774 

4407 

19421649 

Birth 

' 1 

4810 

5241 

385 

385 

3408 

3851 

4294 

18438436 

t Oa.If 
Death 

■8 : 

: 1902 

5290 

173t 

372 





'9' 

3217 

854 

332 

127t 





t Calf 

10 

4115 

4474 1 

349 

361 

3307 

k?? 

3647 

13300600 

Death 

11 

4297 

4904 

391 

3.53 

2796 

4038 

5280 

27878400 


12 

3765 

5313 

339 

374 

3122 

4103 

5084 

25847056 


13 

4972 

4168 , 

840 

317 

, 4312 

3880 

3448 

,11888704 ; 


14 

3662 

4966 

374 

382 

' 2441 

3625 

4809 

23126481 


15 

3586 

3838 

362 

293 

2563 

3962 

6?.41 

28526281 

.t Still 
birth 

16 

0343 

1492 

384 

207f 





Total 

44623 

60731 

4206 

4081 

34626 

42867 

51108 

229134028 


Average 

3718-6 

4227 ‘C 

350-5 

340-1 

2885-5 

3672-2 

4209 

■■ 



Corroction factor for sum of squares 


Corrected sum of squares 
Sampling van anee of intermediate index 
S tandard error of intermediate index 
Standard error x i 10 % 


11465056-00 
86856 • 48 
294-7 lb. 
i>W lb. 



Table II 

Showing the method of adjusting yields of mothers to the standard length of 300 days 


No. 

Yield in lb. 

Days of 
lactation 

Square of col. 

3 

Product of col. 

2 and col. 3 

300— col. 3 

Col. 6x‘b’ 
= Col. 6x 
16*501 

Ool. 2+ 
Col. 7 

1 

_ 2 

3 

4 

6 

6 

, 7 

8 

.1 

2631 

346 

119716 

910326 ! 

— 46 

— 759 

1872 

2 

3454 

349 

121801 

i 1205446 

— 49 

— 808 

2646 

■ 3" 

2034 

271 

73441 

551214 

29 

478 

2512 

4 

3760 

376 

i 141376 

1413760 

— 76 

—1254 

2606 

5 

3537 

324 

104976 

1145998 

— 24 

— 396 

3141 

6 

4810 

385 

148225 

1851850 

— 85 

—1402 

3408 

7 

4115 

349 

121801 

1436135 

— 49 

— 808 

3307 

8 

4297 

391 

162881 

1680127 

— 91 

—1501 

2796 

9 

3765 

839 

114921 

1276335 

— 39 

— 643 

3122 

10 

4972 

340 

115600 

1690480 

— 40 

— 660 

4312 

11 

3662 

374 

139876 

1369588 

— 74 

—1221 

2441 

12 

3586 

362 

131044 

1298132 

— 62 

—1023 

2563 

Total 

44623 

4206 

1485658 

15829381 

1 

—606 

1 

■ —9997 

34626 


(4206)® 44623x4206 

Correction factor . . 1474203 — - 

12 12 

= 15640361 '5 

Corrected total . • •* 11455 189019 '5 

Regression coeffioient of .■ •• 189019*5 

... milk yield on days=* b ’ "ITlTZ T 

H4o5*0 
= 16-501 


It will be seen tliat the value of the Interme- 
diate Index is 4259 lbs., its samj)ling error is 
295 lb. and the extent to which^ the figure of 
4259 is likely to vary due to chance is 529. In 
other words the best estimate of the true breed- 
ing worth of the sire measured in terms of yield 
of milk isi 4259, l;)ut this estimate is likely to 
err on either side to the extent of 529. A. 
breeder thus knows that, provided the environ- 
mental errors are C50rrectl.y discounted, he can 
use the sire with confidence for increasing pro- 
duction of daughters when the mates are of a 
level below 3730 lb. 

Tables II and III give the calculations re- 
quired for adjusting the yields of mothers and 
daughters to the standard length of 300 days. 
From the total of the figures, in col. 4 is sub- 
stracted a figure called the correction factor, 


which is equal to the quotient of the square of 
the total of col. 3 by the number of pairs. The 
figure so derived is the corrected sum of squares 
of the days of lactation. Similarly I'rtun the total 
of the figures in col. 5 is substracted a figure, a 
correction factor, which is obtained by dividing 
the product of the totals of col. 2 and 3 liy the 
number of pairs. The remainder is called the 
corrected sum of products. The corrected sum 
of products divided by the corrected sum of 
squares of the days of lactation gives a figure 
called the regression coefficient, ‘b’, of the milk 
yield on the days of lactation. In column 6 are 
entered 300 minus the figures in col. 3. Column 
7 shows the products of the figures in col. 6 
with ‘b’. Column 8 gives the sum of 'the cor- 
responding figures in cols, 2 and 7 and shows 
the yields adjusted to 300 days of lactation. 
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. ..Table-III 

Shoimicj the method of adjusting yields of daughters to the standard length of 300 days 



1 - 

! Yield in ib. 

[ Days of 
lactation 

Square of eol. 

3 

Product of 
col. 2 and col. 8 

300 - col. 3 

Col. 0 X ‘ b ’ 
-Col. 6x 
16-;i50 

Col. 2 + Col. 

7 

"" I ' , 

2 

3 

4 

5 

6 

7 

8 

f'.'' ■ I'' ■■ A 

3090 

262 

68644 

809580 

+ 38 

+ 621 

371 1 

^ ' ■ 

3194 

329 

108241 

1050826 

--29 

— 474 

' 2720 

3 

2941 

280 

78400 

823480 

+ 20 

+ 327 

3268 

4 

8645 

372 

138384 

1355940 

—72 

— 1177 

2408 

5 

4967 

373 

139129 

J 862691 

—73 

i — 1193 

3774 

6 

6241 

385 

148225 

2017785 

—85 

1390 

3851 

■ 7' 

4474 

361 

130321 

1615114 , 

—61 

— 997 

3477 

8 

4904 

353 

124609 

1731112 

—53 

— 860 

4038 

9 

5313 

374 

139876 

1987062 

—74 

— 1210 

4103 

10 

4158 

317 

100489 

1318080 

i —17 

— 278 

3880 

: .11 

4966 

382 

145924 

1897012 

—82 

— 1341 

3625 

:,i2 ' 

3838 

e 293 

85849 

1124534 

+ 7 

-f 114 

3952 

Total 

50731 

4081 

1408091 

17683222 

—431 

— •yso-t 

42867 





50731 X 

4081 


(4081)“ 


12 


: :12 


Correction factor 


1387880-08 

= 17252767-68 

Corrected total 


20210-92 

330464 *42 

Regression coeMcient of 
milk yield on days=‘ b ’ 


330454-42 

16-350 


20210-92 




Two Jiiore iUuKtratious of the proeecTiire of It will be seen from the table that details of 
calonlatiiig the liitennediate Index are given in ealculating the lidonnediate Index are identi- 

Tables IV and V. Table IV shows the records of cal with those presented in Table I. There are, 

the main caicnlations for l)ull No. 8 from Hosur however, two features, uite in the records of 

Cattle Farm, Madras; Table V for bull No. 56 Table TV and one in Table V, which require an ; 

from the same farm. All the records in the explanation. A reference to col. 2 of Table IV 

tables relate to the first lactation yields obtained shows that there are 21 different records of 

under twic'C-a-day milking condition. The dam- mothers corresponding to 21 dlffcroit mates of 
daughter pairs Nos. 26 and 27 in Table IV and the bull. The regression of inilk-\iold on rhe 

No. 7 in Ta])le V are omitted from the caleula- length of lactation is consefinently based on 21 

tioii for reasons mentioned in the remarks pairs of observations sind not 25. The feature 

coltimn. . of Table V is the exceptionally high yield record 
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of the daughter of dam-daughter pair No. 4. garded as the random member of the ^^group 
The test of significance, however, shows that arising from the sampling nature of inheritance, 
the record is not so high that it cannot be re- Its inclusion in the index is therefore justiiied. 

Table IV 

Showing the calculation of the Intermediate Index for milk production of Bindhi Bull fho. S 
from Hosur Cattle Farm, Madras 

Adjusted yields 

Milt- xdeld in lb. Davs of lactation in lb. Twice 


Milk yield, in lb. 

Mothers 

Daughters 

2 

3 

3042 

2692 

3282* 

6152 

4972 

2409 

3020 

4678 

3282* 

3628 

5103 

5343 

2004* 

2847 

1888 

4176 

3695 

4403 

7117 

7774 

4692 

3997 

4663* 

7509 

S052 

5139 

2004* 

4016 

3210 

4351 

3217 

4868 

2828* 

3455 

4663* I 

4 934 

5613 

2266 

2363 

4531 

3128 

4469 

4297 

3167 

3537 

3879 

2828* 

3133 

4200 

4924 

727** 

4204 

416t 

4764 

91600 . 

108609 

8 3660-0 

4344-4 



3260-6 3622-9 


Twice 
col. 7 
minus 
col. 6 

Square of Re 
col. 8 

8 

9 

4183 * 

17497480 

6661 

44368921 

—1604 

2572816 

3394 

11519236 

1183 

1399489 

3353 

11242609 

2495 

6225025 

2482 

6160324 

4059 

16475481 

5684 

32307856 

2610 

6812100 

6888 

47444544 

5894 

34739236 

5951 

35414401 

2998 

8988004 

6183 

38229489 

2767 ■ 

7656289 

4274 

18267076 

832 

692224 

4983 

24830289 

4348 

18905104 

6346 

40271716 

2100 

4410000 

6373 

40615129 

5191 

26046481 

99628 

503991328 

3985 



Correction factor for sum of squares 
Corrected sum of squares 


( 99628)2 

2l .397029535 - 36 


Sampling variance of Int. Index , 
Standard Error of Int. Index 


Standard Error X f 10 


Notk.— F igures with asterinks each appear twice in Col, 2 
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. , , . . . , ■■ Table V . 

Shoiving the calculation of the Intermediate Index for milh ‘production of Shidhi Bull No. 56 fro 
Hosur Cattle Farm, Madras 



Milk y 

Leld in lb. 

Days of lactation 

Adjusted yields in lb. 

Twice col. 



No. 

Mothers 

Daughters 

Mothei-s 

Daughters 

Mother.? 

Daughters 

7 minus 
col. 6 

Square of 
col. 8 

Remarks 

1 

\:2', „ 

3 

4 

5 

6 

7 

8 

9 

10 

1 

6103 

7824 

331 

414 

4780 

4214 

3648 

13307904 


2 

3874 

4589 

315 

364 

3718 

2562 

1406 

1976836 


3 

4339 

6136 

353 

404 

3788 

1842 

— 104 

10S16 


" . 4' ■■ 

4376 

10081 

350 

373 

3856 

7769 

11682 

136469124 


6 1 

2878 

3268 

216 

297 

3762 

3363 

2974 

8844676 


Q 1 

3695 

5044 

3-46 

332 

3116 

4031 

4946 

24462916 

*Sick 

7 

6241 

1266* 

3.85 

217 





Total . 

24165 

35942 

1911 

2184 

23010 

23781 

24652 

185072272 


Average 

4027 

■5 6990-3 

318-0 

364-0 

3835-0 

3963-6 

4092 




Correction Factor 


Corrected, sum of squares . 
Sampling Variance of Int. Index . 
Standard Error of Int. Index 
Standard Error X i 10 % 


84606488 
2820182-93 
1679-3 lb. 
2873 lb. 


Table VI gives a summary of the results re* 
lating to all the three bulls. It shows the aver- 
age total milk yield of dams and daughters, the 
eorresi^onding average lengths of lactation, the 
adjusted yields and the values of the Interme- 
diate Index with their sampling errors. It 
shows at a giuiice the extent to which the 
difference in milk yield between dams and dau- 
ghters is affected by the difference in the ave- 
rage lengths of their lactations. Thus, it will 
be seen that the increased production of daugh- 
ters of bull No. 8 and 56 is in a large degree due 
to the extended length of lactation of daughters 
and not wholly to the transmitting ability of 
the bulls. The correct appraisal of the w'orth 
of the bulls is obtained when the records are 
adjusted to a standard length as sliown in rows 
8 and 9 of the table. Tim adjusted '-record.s 
clearly slio-w that bull No. 8 is not such a 
transmitter as he appeared from the unadjusted 
milk yield records; bull No. 56 has hardly made 
any difference to the milk production of the 
daughters, and bull No. 38 is worth more than 
he looked from the unadjusted milk yield re- 
cords. The correct value of the breeding worth 
of the three sires is shown by the Intermediate 
Index given in row No. 10. 


Sjboiving the average total milk yields of ‘mothers and 
daughters, the corresponding average lengths of 
lactation, the adjusted milk yields and values of 
the Intermediate Index with the sampling errors 


, 

Sindhi 

Bull 

No. 38 

Sindhi 

Bull 

No. 8 

Sindhi 

Bull 

No. 56 

i Number of pairs 

12 

25 

6 

3 Average total milk yield ot 
mothers (lb.). 

3718-6 

3600-0 

4027-6 

3 Average total milk yield of 
daughters (lb.) 

4227-6 

4344-4 

6990-3 

4 Average difference in total 
milk yield (daughter minus 

509-0 

684-4 

i , 1902-8 

mother) (lb.) 




6 Average length of laotation 
of mothers (days) 

350-6 

323-1 

318-6 

6 Average length -o 1 lactation 
of daughters (days) 

310-1 

343-8 

364-0 

7 Average difference ill length 
of lactation (daughter minus 

—10-4 

20-7 

46 -S •' 

mother) (days) 




: 8 Average total milk yield of 
mothers adjusted to 300 days 
Oh.). 

2885-5 

3200 -6 

3835-0 

9 Average total milk yield of 
daughters adjusted to 300 day,y 
(lb.) 

3573-2 

3022-9 

306i-S 


— ^ '■ 

Sindhi 

Bull 

No. 03 

Sindhi 

1 Bull 

No. 8 

1 Sindhi 

1 Bull 

1 No. 56 

10 Ad justed Intermediate Indi>x 
(lb.) 

4259 

j 3985 

4092 

11 Standard error of Interme- 
diate Index (lb,). 

294-7 

422-2 

1679-3 

12 Standard error x t 10 per 
cent (lb.) 

529 

i ! 

1 722 

i 

2873 


■ The table brings out very clearly the import- 
ance ol calculating the sampling error of the 
index. It will be seen that although the three 
sires are of about the satne value as judged by 
the calculated values of the Intermediate Index, 
the degree of reliance that can be placed on 
their breeding values is very different, e.g., it 
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would be wrong to recommend the use of bull 

h»o. 56 for increased product.ou without addi- 

3 sro*^ 5 V tlonal proof of his ability, since ou his present 

1 showing his actual worth may be as low as 

T280 lb. On the other hand, it is almost cer- 
2 i6?9-3 tain that bulls Nos. 8 and 36 are worth more 

2873 than 3281 and 3729 lb. of milk and can, there- 

fore, be used with confidence on dams of those 
P imnort- for increasing production. 
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SOME NOTES. ON THE LIEE-HISTORY OE MVSGA PLANIGEP8 WEID 


By R. Senior-White, F.R.S.E., Major, A.I.R.O. (Med.), Malariologist, B. N. Railway 

(Received for publication, on 6 January 1944) 


The observations forming this note w^ere 
made in the Ceylon foot-hills, 1,300 ft., 22 
years ago. As the writer sees no chance of 
ever continuing them, they are now put on 
record, in the hope that they may be continued 
by another hand, as thej^ show that the biono- 
mics of this tly contain many intemsting 
points. 

The genus Musca is biologically divided into 
three groups, the saprophages, the haemeto- 
phages, and the haematophiles. The latter 
obtain their supply of blood at punctures made 
by other biting flies, principally Stomoxys 
and the haematophages in the same genus. M. 
'p,aniceps belongs to the haematophages. 

M. eingalaisina Big. and M. indica Aw'ati 
are synonyms of the species. 

For eight months fresh cow^-dung was ex- 
posed fortnightly for 24 hours and then removed 
to the laboratory for breeding but. 

The emergences were : 

1. Hippelate,s sp. . . 1 c? Inly 

2. Sep.sisap. . . '7 9 September 

3. Sepsi’i rufa Meig . 1 9 July 

4. Bracbyopbyra sp. . 3 d 9 July 

5. Spilogaster sp, . . 9 7 9 Every month 


10. Musca planiceps Wd. 67 d' 61 9 In e 


1 1. Musca inferior Btein 

12. M^isca crassirostris 

Stein 


13. Orthelia lauta Wd. 
14 Orthellia sp. 


1 9 July 

34 c? 58 9 August, Septem- 
ber, November, 
December 
8^49 July 
5 d 6 9 January 


6. Morellia hortensia "Wd. 34 d 9 
. 7- Musca pattoyii Ansi. . 4 d H 9 


9. Musca conducens 
Wlk. 


1 c? July 

7 9 September 

19 July 

. 3 d 9 July 

9 d 7 9 Every month 

except October 
and December 
V''d. 34 d 9 June and July 

. . 4^119 July, August, 

September, and 
November 

2d 2 9 September and 

January 

2524 d 2851 9 In every month 


Thus M. pUmtoeps is a constant, though 
numerically not numerous, breeder in fresh 
cow-dung, which is, in the locality studied, 
pre-eminently the pabulum of M. conducens, 
forming nearly 92 per cent of all emergences. 
M. planiceps, with second place, forms 32 per 
cent of the remaining species. The genus 
Musca has — in the Indian Sub-Region, — ad- 
vanced into viviparity once in the haemato- 
phagous and once in the haematophilous group, 
but not with the most successful biter, crassi-' 
Tostris, whilst heszii, in the haematophiles, is 
a species of rather restricted distribution. The 
larva of is born in stage II, but that of 

planiceps is born in stage III, in this respect 
resembling the species of Olossina. But where- 
as the laiwae of Glossina are full fed and ready 
to pupate wdien born, those of planiceps are in 
early stage III and change their pabulum after 
birth from the maternal secretion to cow-dung 
and complete their development in this material. 
This must involve profound changes in meta- 
bolism, completely unstudied. 

harval development. The newly emerged 
female contains only immature, eggs. ^ The 
mature egg passes into the common oviduct, 
enlarged to form a uterus, A mature egg. 
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chorion unriiptured, Itas been found in a speci- 
men with fresli blood. A female released 10 
hours from eclosion, and unfertilized, has been 
recaptured 24 hours later with a blood meal 
already partly digested, and with a larva fairly- 
advanced in development, (but still rather 
.soft and diffluent) and a mature egg. A speci- 
men with a .stage III larva w>as found 'with an 
immature egg witli no signs of embryonic deve- 
lopment and only one more developing egg in 
the follicles. It would thus appear that as 
soon as a larva is born the uterus receives an 
egg ready to hatch from one ovary whilst the 
other ovary completes the development of the 
next egg. The female genitalia are figured fig. 
227, in 'Patton and Evans [1929]. 


in the cage by a Iiunting s])id(‘r was found next 
morning to contain an acUve inafui'e larva. 

The anterior .spiracdes of the larva, appear not 
to be functional. A Larva, half {'Xtiaided, can 
stand exposure l.o cyanide vapeiUi- for sojne- 
tirae, but if the 2'>osLeri(n’ .spii'acL's ;u'o so ex- 
posed for a moment, the bnrnnving powa.a-s arc 
affected. 

Larval jiost 'partuni (lovelopmcui . The larva, 
when born, is wliito, but when full growm, after 
clearing the intestine prior to ]>U])atitm, is clear 
primrose ymllow and rather elongate for a Musca.. 
The dung feeding jjeriod is normally about two 
days, but on one occasion it was })rolonged to 
eight days. Pupation occurs in etirth beiieatb 
the dung. 


Tbc length of time spent by the larva in 
utero is unknown. The larva lies head forward 
in the ntei'us, but turns prior to birth. Mature 
eggs removed from the mother and placed on 
saline damped ’wool do not hatch, 

Births On an’ival the mother fly usually runs 
about ou the surface of the eo’w-dung mass for 
about half a minute, examining it. She then 
chooses for preference a depression in the 
upper surface of the dung, otherwise the plane 
upper surface is chosen, but the steep sides 
of the slope of the pat are usually avoided. 
Becoming motionless, the tip- of the: abdomen 
is slightly depressed. After a short hut dis- 
tinct pause, birth rajudly takes ])lace. The 
‘after Inrth’, consisting of the chorion of tho 
egg and the moults of the first two instars, 
intermingled, i.s attached to the posterior side 
of the larva at about two-thirds of ite length 
from the Load and is rubbed off as the larva 
enters the dung, remaining on the surface as a 
white speck. After birth the mother fly is not 
usually easily disturbed for a few' moments, 
probably due to exhaustion, and may then fly 
straight off, or stop and feed at the dung. 

In nature delivery is almost alw'ays head 
first, exceptions being usually under-sized 
females, in which there is possibly no room for 
the laiw'a to turn. But wdien killed artificially, 
a fair number of flies give birth tail-end first. 
In neither case i.s the well-being of the larva 
affected: if it occurs in nature the larva turns 
straight ovt;r and burrows, if aborted by 
rnaiernal death tho larva can ecpially burrow 
immediately. Lainmo can live, wdtbin a dead 
mother. — i-f she is removed shortly after death 
from the killing bottle — for up to 15 hours. A 
fly found dead in a cage 14 hours after impri- 
sonraent was found on abdominal pressure to 
contain an imturned larva, which on expres- . 
sion burrowed immediately. Another fly, killed 


Pupariitiu. The. freslily foiunefl pu2') irium is 
wdiite, passing ivithin 2-1 hours Ihrough red to 
dark l)rown, wdtli pale .segmenial rings very 
distinct, making it at once distinguishable from 
thos'e of other Musca species. I’he pupal period 
is from 7-17 days, average ff-lO. 

Emergoucc. This usually takes place before 
noon. In flics lived from dung which lias been J 
exposed for 24 hours, emergence, usually covers ’ 
three days, on the first of which only a few' 
females appear, on the second the main eclo- 
sion of boih sexew, and on the. third day males 
only. Often the- small purely female emergence 
of the first day is ]iot soon, and the first eclo- 
•sions reveal both .scxe.s. Almost ahvays, how-'- 
ever, there are some male emergences 24 liom-s 
after the last female. At emergence the inal- 
pigbian tubules are deep yellowp — as is normal 
in the male — and not pale as in later life. 

Males over 100 hours from ecdosion, and re- 
captured 96 hours after release, still have the ^ 
testes paler and more translucent than in 
captured wild specimens of imkow'n age. 

Imaginal habits. Males have been found, 
always in the morning, on flow'er.s of Ocimum 
sanctum. Only once has a resting male been 
taken containing fresh blood. Again only once 
has a male been seen on a bull, moving about 
very restlessly, and w'as not seen to bite. 

This last was the only occa.sion on wdiich a 
.specimen of eitlier sex has been soon on cattle. 

•Blaced under netting on a calf, fcmale.s’ have 
refused to feed. But 50 per cent of all captured 
females taken over six .'months contained blood .A 
in the gnt. Against the species being a nigbt- 
biter is that a few' di, ssections done on flics 
captured in the early morning have, showm the 
blood alw'ays in an advanced stage of digestion. 

A specimen of blood submitted to ilie Bnpe- 
rial Serologist proved to be bovine. 
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Attempts to feed flies in captivity on human 
blood exuding from a prick, on raw meat exud- 
ing serum, on sugar solution, and on fresh cow- 
dung have all failed, tliough as noted under 
larviposition, this is sometimes sucked at in 
nature. 

The species res'cmbles the non-biting haema- 
tophiles in that it is never seen so engorged 
that it cannot fly well, unlike Stomoxys, which 
engorges until it can hardly move, and ingesled 
blood never shows so clearly through the abdo- 
minal v'ell as, for example, in M. ventrosa. 
Even full term females are fairly nimble. 

The species always rests on the upper side 
of grass blades etc. — the only exception to this 
was a male taken when the weather was Just 


clearing after a heavy all-day down-pour. 

Whatever the species does during the day, 
and it is very hard to find them, about an hour 
before dusk both sexes eoirunence to settle on 
grass in the vicinity of cattle, but whereas 
breeding results show that the sexes emerge in 
apjn’oxirnately equal numbers, catching in such 
a situation produces females to the extent of 
|th of the total. Three-quarters of the males 
produced are not present, thougli these obser- 
vations w'ere made in a spot separated from the 
next cattle shed by half a mile of a thick stand 
of rubber trees. 

Fortunately adult catelies between 5 p.ra. and 
6 p.m. over the same period as the breeding 
observations gave the following results; 


1 

Caught 

Males 

Females full term | 

Feim 

lies pregnant 

i Females uterus 
empty 

d 

o 

Total 

blood j 

blood 
~ 1 

blood 

+ 

blood 

Total 

blood 

•f _ 

blood 

! 

Total 

blood 

+ 

blood 

Total 

24 

Per cent 

I 169 

blood 

193 

0 

0 

24 

50 

59 

34 

1 ■ 

84 

32 

57 

24 

66 

13 1 
j 45 

j 1 

1 29 


The females therefore feed at all stages of 
gestation. Owing to failure to observe actual 
feeding, how many meals are necessary to 
mature a single egg to the third stage larva is 
not known. 

Parasites. M. planiceps is parasitized by the 
Staphylinid, Aleoahara trivialis Kraatz. The 
method of attack is unknown. The larvae 
emerge from puparia simultaneously or a day 
or two later than the flies of the same genera- 
tion. The bright yellow beetle larvae ^ imme- 
diately pupate in earth in a cocoon of soil qaarti- 
cles webbed with silk. I have found earth con- 
taining puparia felted with their w'ebbing. The 
pupal period is approximately 16 days. 

The percentage of parasitization may be very 
heavy, varying from 10 per cent in June to 78 


ways present. 

A. marked male, recaptured 96 hours after re- 
lease in October, showed, on the leg lopped 
through for identification, the fungus Stigmato-- 
myoes haeri, common on Musca species all 
round the World. The specimen was practically 
mature, though none of the ascospores had been 
ejected. Mr. Fetch, then Ceylon Government 
Mycologist, who identified the fungus, informed 
me that he believed that this observation gives 
the first record of the duration of development 
of this fungus. 

No intestinal flagellates were found in a pair 
with empty guts. 

REFEKENCE 

Patton and Evans, (1929) “Insects. Ticks and Venomous 

Animals”, Part I 
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The object of this communication is to provide made to such drugs as have come 
information concerning drugs that have been ence during the past decade cand a halt, ine 
successfully used in the treatment of ailments names of proprietary preparations, whose co - 
caused by helminth parasites in common position has not been disclosed, havn been 
domesticated animals. References have been omitted. References to drugs, which have 
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Deen tried in vitTu only, have been avoided, ior 
vviieii Li'iea in Viuo, Liiey uudeigo diiutioii below 
liiti therapeutic itiretjiiold, a change occurs in 
tuexr cuemicui couiposiuou, and the liuiuuer 
01 excreuon uiLcrs iue:r elucieucy. 

jJiS'l’oniASlS OF UUMUXAiS'TS 

iiaii [id2ij used carbon tei-raohloride as an 
anuiieinnntic wiui exceiicnt re.-^utts. Jtiecentiy 
ic nas ueeu proved very eiiicacious and suffi- 
ciently clieap ior adoption m mass treatmenu, 
the cost wci'King out at about haif-un-anna per 
dose. The dose lor sheep is 1 c.e, and for 
larger runiina-nts o to iU c.c. It is given in 
liquid paraffin in the proportion of 1:4. Other 
cheap oils, such as groundnut oil or cotton seed 
oil, may be substituted for paraffin. As only 
the adult worms in the liver are destroyed by 
this drug, the dose should be repeated about a 
month later, it is usually administered orally, 
but Pegreffi [1939] recommends intra-mminal 
injection. He states that pregnancy is uot a 
contra-indication to its use in oily solution. 
Obitz and Wadowski [1939] treated 3,000 fluke 
infested sheep, by subcutaneous injection of 
carbon tetrachloride in liquid paraffin. The 
average time of treatment was one minute per 
head and the cost was one dollar per 100 sheep. 
1,600 sheep were cured with only five acci- 
dents. 

The drug is an excellent remedy for fascio- 
liasis of ovines, but it is somewhat toxic to 
boviues. In . our experience, however, the 
bovines recover from the toxic symptoms in 
about a couple of days. Its toxicity is of a 
complex nature and ma’nly consists of the re- 
tention in the blood of bile pigments which 
combine with the ionised blood-caicium and are 
excreted as such, causing hypocalcimia. It 
also causes the retention of guanidine in the 
blood ; this interferes with the conversion of 
glycogen into blood-sugar and causes hypo- 
glyctemia. The pathological effect is chiefly on 
the liver, resulting in central necrosis and fatty 
degeneration. 

Guanidine and calcium are antagonistic to 
each other in their behaviour and the ad- 
ministration of calcium controls its toxicity; 
75 to 150 c.c. of calcium gluconate is administer- 
ed by injection, or calcium chloride with 
ammonium chloride or calcium lactate 
r^iven orally. Injections of sodium xanthine 
('1‘vor extract) is said to protect animals against 
•■■avbon te+racblaride noisoning. 

Before and after the treatment, the animal 
should be fed on a carbohydrate d’et. Fats 
and proteins should be strictly withheld, as fats 
increase the solubility of the drug and cause 


its absorption through the lymphatics, while 
pi’oteius oause an nicreuse m tlie pioduction 
ui guauidme. As itiere iS a iieavy drain on 
cuicium m annnals during lactation, greai.er 
care iias to be cxercu.'sed, ui such ca:'-es. To 
decrease the toxicity and to piumole a rapid 
excretion, a dose of magnesium sulphate may 
be given. 

.Hexachloretlnine (Ig'itol, iJistoJ) is as effec- 
tive as carbon tetrachluride and. js much saler, 
but it is: some vvl Hit costly. The dose ior slieep 
is 6-8 gm. The doses recouiniciided fur the 
treatment of cattle are 2U gm. per 50 kil. of 
body- weight, to be given for four successive 
days in the morning, three to four hours before 
feeding. The milk of cows undergoing treat- 
ment may become sLghtly tainted, and milch 
cows fed oil eonceiitrates niiiy develop symp- 
toms of colic. 

Sprehn (1930) recommends two i.nlra-mus- 
cular injections of 20 c.c. of Fuadin for 
Dicroccelium (JendritLciDn of sheep. Un the 
10th to 12th day the heces is completely free 
from eggs. 

Ctastro-intestinal helminths in ruminants 

These chiefly consist of Hcemonchus contor- 
tus, Mecistocirrus digitutus, OHt&riagia spp., 
Buyiostomum spp., Trichostrongykis spp., 
Ohabertia sp., Tnehum sp., Ocsophagoidomum 
spp,, Cuoyeria spp. and tapew’orms. 

Carbon tetrachloride is very effective against 
Hanionchus, Biinostomum, etc., but not 
agiiinst TrichostTangylii§. This drug can pro- 
fitably be employed for the ooinbined treat- 
ment for fascioiia.sis and parasitic gastritis. 

Carbon tetrachloride in combination with 
copper sulphate has been used with very good 
results, and regular monthly treatment pro- 
duces a marked iniprovement In t.he quality of 
the wool of sheep [Eoss and Graham, 1938]. 

A drug that has come into great prominence 
during the past four years is Phenothiazine 
(Thiodiphenylamine — Cc H NHCc, S). This 
drug has been known since 1885, but Harwood 
and collaborators [1938] w’ere the first to use 
it against nodular worms and ascarids of swine. 
During the last four years it has been used 
very extensively in the treatment of gaslro- 
iutestinal helmintlis. It has been remarked 
that the employment of th's drug for the treat- 
ment of helmintlis of domestic animals is one 
of the seven outstanding advances in veterinary 
medicine. This is borne out by the publication 
by Pro:fessor helper [1942] of a special biblio- 
graphy of 120 references regarding the use of 
this drug as an anthelmintic. The drug is 
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administered with iood. The dose for sheep is 
gin. and vtuxt ior eaitie oU-tbU gin. In 
some cahos tlie doze may be re^veated after a 
tortnigiit. it has been claimed i hat it iS iOO 
per cent ehect.ve agiumt Heemonchus and 
Unli-riayia, 90 per cent against BwiOatomum, 
84 per cent agaiiist Uc-sop/iugostomum, 76-80 
per cent against TricliosLrongijLus and only 15 
per cent against C'oopen'a. 

The autueimmtic action of Phenothiazine is 
due to thaud secreted into the intestine by way 
of the biliary tract. Bile facilitates its action. 
It first becomes leucothmol and then thinol. It is 
suggested that, since all individuals may not be 
etiuSiy capable of converting it into thinol, the 
administration of the drug with or without bile 
will be tlie next step in the line of _ treatmem. 

Apart Irom its therapeutic value, it also^aCts 
as a propbylact.c. Pbenothiazine-salt mixture 
offered to sheep for daily consumption in the 
proportion of 1:9 to 1:14- is effective in pre- 
venting the development of jiarasitic larvas in 
the fieces. Their dc'velopment is arrested 48 
hours after the administration of 0-5 gin. or 
more. It thus prevents pasture contaminatiop. 

In therapeutic doses it is not to.\ic, but in 
doses of 70 to 200 gm. it may cause inflamma- 
tion of the alimentary canal, tympanites, loss 
of appetite, weakness of the inuscles, sweating, 
a friable yellowish liver, enlarged kidneys, 
incoordination of the liind quarters, severe 
diarrhoea, fever, shock, discharge from the eyes, 
and death. 

A mixture of nicotine sulphate and copper 
sulphate has ])rov{'d to he more efficacious than 
cojiper sulphate alone, as the combination is 
effective not (jnly against large stomach worms 
hut also against Tnr.ltOHtrongijlus and tape- 
vverrns. Against tlie latter it is specific. The 
mixture is ]m‘pared by? mixing 1 oz, of 40 per 
cent nicotine suljihate, 1 oz. of copper sulphate 
and 3 pints of water. The dose of the mixture 
is J — 2 oz. for sheep and for cattle 1 oz. for 
each 50 lb. of body-weight, 'with a maximum 
dose of 3 oz. In this combination the safety 
factor is lower than in coppier sulphate alone, 
and for this reason, the dose recommended 
should not he exceeded. 

Carlson [1039] recommends stabilizing the 
above mixture, at a dilution twelve times 
stronger than tlie therapeutic dose, in gum 
arahie. This greatly facilitates its transfer and 
storage for the treatment of large numbers of 
animals. 

Experiments in the Punjab indicate that a 
mixture of eo])p''r sulphate and kamala is the 
best tix'atrnent for hsemonchosis. 


The use of unstanchirdi/ed tobacco infusion, 
compiou in this country, is to be deprecated. 
Until the nicot.ne contents of crude tobacco is 
ascertained, the dose may prove either exces- 
sive or insufficient. T’h s fact requires em- 
phasis, as nicotine is very toxic to animals. 

Tetrachlorethylene is similar in action to 
carbon tetrachloride and, although not so effec- 
tive as the latter drug, its safety factor is rela- 
tively high. The dose is up to 10 c.c. Three 
such doses should be given at 10 to 14- days’ 
intervaL A mixture of carbon tetrachloride 
and- tetrachiorethylene has been claimed by 
some workers to be safer aiid more efficacious, 
but Rose and Gordon [1935] do not find it to 
be of sjjecial value. The toxicity of tetra- 
chiorethylene can be overcome by using a soap 
emulsion of the drug. 

Monning [1935] has recently developed for 
cesophagostorniasis an excellent remedy which 
hag been used extensively in South Africa. It 
consists of copper arsenate one part, copper 
tartrate one part and calcium hydroxide -two 
parts by weight. The dose ranges from 0-25 to 
2-5 gm., depending upon, age. The animals 
are dosed a full stomach, liepetitioii of the 
(lose, oi.ice in three weeks, has proved to be 
effective for Oefiophagostomes ami Hmmofbchu-^ . 

Lead arsenate in doses of 0-5 gm. to lambs 
against Manic zia is both effective and cheap. 

Gordon [1935] has found arsenic trisulpliide 
and arsenious sid])hide 100 per cent effective 
against Moniezia in sheep. The dose is 0-5 gm. 

Tlic addition of 2-5 to 3 kilograms of anhyd- 
rous sulphuric acid to 1,000 litres of drinking 
water is claimed to be both curative and prophy- 
lactic for parasitic gastritis. 

I'liree drachms of deodar oil with 2 dr. of 
spifitus cetkenf} nitiOiii in 4-6 oz. of linseed oil 
-is said to he effective against ascariasis of 
buffalo calves. 

Swales [1941] recommands the following 
seasons for treatment of sheep in Canada; for 
ITeemonehosis, summer; for trichostrongylosis, 
late autumn; and for cESophagostomiasis, 
autumn and winter, 

The anthelmintic treatment of ruminants has 
been much simplified in recent years in that the 
troublesome process of previous starvatnri has 
been discouraged, since it has been found, that 
withholding food, even for as long as 48 hours, 
does not empty the rumen; food still continues 
to pass into the abomasum, so that the effi- 
ciency of the drug is not at all altered. 

Another great advance made is the discovery 
by Ross [1936] and by Monnig [1935] of the 
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value of giving 2-5 c.c. of a 10 per cent solution 
of copper suljjhiitvj to sheep iuiinediately before 
the udnuiiiSiration of a drag. This stimulates 
the vagus of the pharynx and brings about the 
closure of the ttsoplmgeal gn.ovo. it has thus 
become possible to administer drugs directly 
into the abomasum which they reach in full 
concentration, deriving the maximum benefit. 
It must be remembered, however, that the 
reflex lastii fur only 15 seconds, -so that the 
anthelmintic should be given immediately after 
the adniinistratiorr of tiie copper sulphate 
solution. 

VlillMI.VOUS BllONX'illTIS OF liUMIiVANTS 

Camus and Chevalier [lOBl] state that pyre- 
thrhie dissolved in oil is a very efficient remedy 
for verminous liroiichitis of cattle. Ten c.c. of 
an aqueous solution of U-01 fier cent pyrethrine 
given intra-traclieally is effective against 
Diotijocaulus jilcvna. The drug cun be administ- 
ered through the nose by a rubber nozzle 
measuring 12 to 15 cm. the sheep being kept 
ill a sitting position and thereafter put on its 
back for a few seconds. This procedure may 
be repeated twice, if necessary. 

Two intra-tracheal injections of 5-10 c.c. of 
triformal-glyceriiie-ullylique was found bo be 
more effective against D. ^laria than any well- 
known drug. It w'as observed that the use of 
isotonic solution at about blood temperature 
•obviated the reflex cough which usually follows 
the injection. 

Picric acid is recommended for controlling 
the luug worms of sheep and goats. It is 
neuti-abzed by K/10 potassium hydroxide solu- 
tion. Five injections of 10 c.c. of a 2 per cent 
solution on alternate days is effective for 
verminous bronchitis of buffaloes. 


orders, dermatitis, necrotic outcritis, albumh 7 ^ 
imria, htemogiobinuria, nephritis, abdominal 1 
pain, bronzed mucous membrane.s and painful 
micturition. 1 

Carbon tetrachloride iu doses of iO c.c. per 
100 kil. of body-weight (50 per 1,0(X) lb.) 
is very elit'.ctivc. against blood-sucking struiigyles. 

It is administered by a stomach-tube. Care 
should be taken that the tube is well inside the 
stomach, lest the drug should be legurgibated 
and inhaled with fatal results. 

Jlichlorobutane or chlorobutylene in doses of 
0T8 to 0-2 c.c. is stated to be very valuable 
against cylicostomes. r 

Oil of cheiiop)odium is stated to be parti- 
cularly effective against red worms. It is ad- 
ministered either by a stomach-tube or in. a 
drench mixed with linseed oil. Full doses 
should not be given to highly-bred horses, and ■ 
like carbon totx’achluride, it is contra-indicated 
in febrile conditions, gastro-onteritis and iu 
cases of constipation. 

Normal-butyi chloride has been found to be ^ 
very effective against Strongylus spp. and'^’^f 
Oxyuris equi. The dose is 0-1 c.c. per lb. of 
hody-weight. The: administration of the drug I 
should be preceded by a fust of 36 hours and 1 
followed by a drench of eight to ten times its | 
volume of linseed oil. ' 

Carbon disuffihide is specific against habrone- | 
miasis and ascariasis. The animals are starved 
overnight, and in the morning 10 litres of a 
2 per cent solution of sodium bicarbonate is ; 
passed thi-ough a stomach-tube in order to j 
loosen the worms from the mucous membrane. 
Thereafter as much of the fluid as possible is . 
removed, and 5 c.c. of the drug per 100 kil. ' ' 
of body-weight is administered. The worms ? 

inside the tumours are difficult to remove. I 


Injection of 10 c.c. of a 10 per cent solution 
of chloroform is recaunmeuded for D. Vivipams 
of cattle. It may, however, prove dangerous. 

Fumigation witli ehloi opicrin hns also been 
recommended tor bronchial worms. 

HELMlXTniA.SIS nv ilORSBS 

Phenotliiuzine is stated to be 100 per cent 
effective against Strongyiu.^, Tnchofitrongiglus, 
Trirhonpma and Oxyuria spip., and 72 per cent 
against Ascims equonint. The dose for heavy 
draughts is 2 oz., for light to medium 1-5 oz., 
for thorough-breds 1 oz. and for small horses 
0-5 to 1 oz. It may be administered with 
liquid by a stomach-tube or fed with a large 
quantity of bran. In very heavy doses it; is 
toxic, and tlie main features of the toxicity 
caused are the loss of equipose, nervous dis- 


Boley and collaborators [1941] recommend 
that a mixture of 40 gm. of jihenothlazine and i; 

24 c.c. of carbon disulphide, administered in a I 

capxsule, after 36 hours’ fast, is very efficient j 

against ascarids, strongyles and bots. ! 

Petrol was used as an anthelmintic some ' 
fifty years ago by Boley [quoted by Faure, 
19-40]. Faure [1940] tested it in horses and 
found it very effective against AncariH and 

After fasting, a dose of 0-5-0-7 c.c. , 
per kil. of body-weight should bo given in ^ ' 
three daily doses, mixed w'iih ciilimtry or castor 
oil and followed by water. The drug is easily 
tolerated and is free from contra-indications. 
Faure cites a case in which 1,100 ascarids were 
evacuated in one night. 

Nprr [1940] reporls that santostibin is very 
effective against Ascaris cquonim. Two - 
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tliroe doses of 15 gin. each ov three to five against moat of the worms of dogs and are quite- 

■' floses of Id gin. each sliould be given in bran, safe, it has been claimed that a rectal injeo- 

liitravenous injections of iStavaraol destroy tiou of 1-5 c.c. removed all tapeworms (either 
{lie larva; of .strongyle.s aiu! cyclicoslomes. The vomitted or passed in fecesj and most other 


dose is 5 gm. repeated three to ten times. 

Jjang [Iddbl claims that, intravenous injec- 
iions of 5 ])er cent sodium rdilorlde and 5 per 
cisit sodium citrate, in 2 pint doses, dcsfcr:,)y 
the tlirombus formation. 

liKLMlXTlIlASlS IN DOGS 

jJexyl-vesorcIuol lias hemi shown to be effec- 
live against ascarids and hookworms. It is 
irritating to the mucous membrane and should 
be administered as a powder. It decomposes 
gelatin and is ineffective when mixed with oil. 
Tt is administered in freshly filled gelatin cap- 
sules or in sugar coated tablets. The dose is 250 
mg. per kilo, of body-weight. 

I-Iexylmotacresol is said to hawe all the good, 
and none of tlie liad, (jualitics of hexyl resorcinol. 

Carbon tetracldoride has been found to be 
very effective against hoohworms and has in 
'^^rece'nt years bccorao very popular. The dose is 
0-3 c.c. per kilo, of liody-weight and is ad- 
ministered in gelatin capsules, with the neces- 
sary precautions (see disioiniasis), 

Borne worki'i’s claim that a mixture of carbon 
tetrachloride and oil of ehenopodium in the 
proportion of 2 c.c. of e.arhnn tetrachloride and 
20 min. of oil of chonopodinm is more effective 
than the former nlonm kloth drues can be 
given mixed in the same capsule, followed an 
hour later by a dose of magnesium sulphate. 
Tt is saifl that the drugs are supplementary to 
one another, and for this reason the dose of 
each individual drug cn,n lie reduced. The 
toxicity of the combination is not greater than 
that of the drugs themsc'lves when nclminister- 
erl separately. 

One c.c. of chloroform mixed with 30 c.c. of 
castor oil has been recommended for ancy- 
lostomiasis. 

Phenothiazine is useful for ascarids, hook- 
worms and whipworms. The dose is 3-10 gm. 
It is not toxic. 

The injection of at least one gm. of pheno- 
tlh.T/.ino in the vicinitv of a T)ra('.unc,nlti^ ulcer 
vi'dnecs invalidism and hospMalizat'on. The 
..-"iiclrng should ho male into an emulsion with 
olive oil, water and adeps fan-r. 

T’rnntosil, in eomhination with emetine hydro- 
chloride, brines about a rap’d and rerlical enre 
in dogs infested with PaTagonimns tv eslermanii. 

Hydrogen peroxide, sodium permanganate 
and sodium hyporhorate are said to be effective 


worms. There were no ill etfects, 

Arecoline hydrobromide has proved to be the 
drug of choice in the treatment ot tseniasis of 
dogs. The dose is 2 mg. pjer kilo, of body- 
weight. The drug frequently causes nausea 
and vomitting and is best administered in 
gelatin capsules together with chlorotone (about 
5 grains per 10 kg.). The worms are - passed 
within 10 to 20 minutes. Nosik [1940] state:; 
that arecoline hydrobromide in doses of 0*002 
to' 0*003 gm. per kilo, followed by the extract 
of male fern in a dose of 0*2 to 0-3 gm. per 
kilo, and repeated after 10 days is 100 per cent 
effective against Echinococcus granulosus and 
other Tmiia spp. It has some effect against 
ascarids,"' but is ineffective aga’nst MesOces- 
toides. 

Iso-arnyl-ortho-cresol is specific against 
Dipylidiuni caninum. The dose is 0-1 c.c. per 
lb. of body weight, followed by a dose of magna- 
sium sulphate. 

Jfrooks and Brown [1942] consider that ficin 
i.^ 100 per cent effective against ascarids, 96 
per cent against Tnehuris dispar and only 
13*6 against Ancylostoma caninum. It is totally 
ineffective against Dipylidium caninum. The 
dose is 750 to 1,000 mg. of the drug per kilo, 
of body-weight to be given as a 15 per cent 
aciueous suspension by a stomach tube, followed, 
rliree to four hours later, by 1 gm, of Epsom salt 
per kilo, in a saturated aqueous solution. 

(lentian violet has been recommended for 
StrongyloUie!:- stercoralis of dogs as it has been 
for man. The dose is 15 to 17 mg. per kilo, 
body- weight. 

N-biityl chloride in a dose of 0*3 c.c. per 
kilo, body-weight is useful against hookworms 
and ascarids. Wright et al. [1933] states that 
a rectal injection of 1 oz. per 20 lb. of body- 
weight removes all caecal worms. 

N-butyl bromide and N. amyl bromide are 
stated to be 100 per cent effective against 
Ancylostoma caninum. 

'RotenaT (the active principle of Degvedia) is 
useful against hookworms and ascarids of dogs, 
in doses of 0*2 gm. per kilo, of body-weight. 

‘Nemurar, a pyridine derivative, is effective 
against tapeworms of dogs. The dose is 18 mg. 
per 15 lb, of body-weight. A tablet dissolved 
in water can he given after a light meal and 
should be followed by an enema. No laxative 
is necessary. The drug is not toxic. The 
tapeworms, espeeially Dipylidium caninum. 
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are remoTecl witliiii 5 hours. 

Pumpkin seeds are useful against tapeworms 
of dogs and rnaii. dlie dose lor dogs is 5 gm. 
and for man oO gm., and its administration 
should bo followed by a purgative. 

The following drugs have i.roved to be effec- 
tive. against tlio lieiirt worm of dogs, Dirojilaria 
imniitis: 

(T) According to Brown and Sheldon 11941], 
a ten-day course of dally intra-muscular injec- 
tions of "l io 2 c.G, of Fuadin and, the oral 
administration, twice daily, of 20 to 25 gru. cf 
sulplianilamide. The onset of otochitis indi- 
cates the death of the parasites. 

(2) Five injections of 0 c.c. of Antimosan at 
an interval of three to four dtiys. [Kaka, 1937]. 

(3) ‘ Stibsol ’ {antimonian-3-catechol-thiosali- 
cilic acid-sodium, containing 30 per cent 
of antimony) hag been recommended bv 
Brown and Austin (1939). It hills the female 
worms in the right side of the heart of the 
dog, and the dead worms are absorbed l.iy the 
lungs. It also removes microfilarife from the 
circulatory system. Tw-o or three intra-venous 
injections" are sufficient. The treatment is 
equally effective against heavy and light infec- 
tions. 


only successful drug for the removal of Davainea 
■progloUi)ia. it renioves all scolices. The dose 
is 2 grn. to a chicken. 

Synthetic pelltierino, tin oleatc, stannous 
oxalate and tetra-iso-hntyl-Un nunove Rtiillie- 
lina cGsticcllus and Hgmcnoleyh cai'ioca of 
■ chickens. 

Bccently ITarwood and Guthrio 119-lOj have 
struck a despondent note regarding all iivat- 
ments of poultry lamiasis. They tried 223 sub- 
stances and 27 mixtures. Of these only le.'.d 
arsenate exhibited any piromise as a j’oultry 
tteniacido, but it was found to be too toxic in 
(iffective doses to be recommended for general 
use. 

Pyrethrura powder containing 8 per cenr. 
pyrethrine is (-onsidered to be 95 per cent 
effective against Jscaridia galH. The dose is 
200 mg. to he ndminiatpred in gelatin capsules. 
An aqueous solution of the drug, 1 in 100, is 
also used administered through a gum elastki 
tube , 

N-biityl chloride is stated to be very good for 
Ascaridia. The dose, according to Wright and 
collaborators [1933] is 1-6 c.c. 

The following drugs have been stated to be 
very effective against gapeworins: 

Glapham [1935] recommends the administra- 


1-1elm;xths of poultuv 

Garbou tetrachloride is virv effe<;tive against 
the lai’ge round 'worms of poultry. Tetrach'.ore- 
thylene has also been claimed to be a good 
remedy, but it is not so effective as the former 
drug. The dose is 1 to 2 c.c. with 3 to 4 c.c. 
of oil. Both are po^verful agents, and therefore 
over-dosing should be avoided. Tire drug 
should be administered in a gelatin capsule 
or through a ffexible rubber tube introduced 
directly into the crop. 

Colloidal iodine preparations are becoming 
poj'ular and have proved satisfactory. A 10 
per cent solution in water injected into the 
gizzard, in doses of 1 oz. to a bird weighing 4 
lb., is stated to have removed 89 ])er cent of 
nematode, and cestodes. The worms evacuated 
were eoTupletely dead, fitafseth and Thonip.son 
[1932] claim it to be 100 per cent, eff’estive 
against tape and romul-worius. 

PlKmothiazhic in dosos of 0>-2 to 0-5 gpi. is 
satisfactory for Hriflraldn and Cnpi'lnria. 

rieeckcr nod Smith [193,3] claim that a 
mixture of lucothre sidohnte and kamahi. in the. 
nrnuortion of ono-fourth drachm to 0-2 c.c., is 

I ’ 100 per cent effcct'x'e for all common worms 

; of fowls, with the exception, of ctecal worms. 

Ikevine [1938] states that the areca nut is the 


tion of garlic oil or the synthetic jtroduct, allyl ; 

sulphide, into the trachea by means of a i 

pipette. The dose ranges from to 3 min. t 

to be given as a 33-3 to 50 per cent solution 
in linseed oil. The drug is very powerful, rup- ; 

tures the worms and renders the eggs sterile. 1 

Aliyl sulplffde is cheap and less pungent. | 

Delaphane and Stuart [1939] treated gape- 
worms of pheasants witli 100 per cent success j 

by instilling a few drops of iodine vermicide [ 

into the trachea. [ 

Wehr and collaborators [1939] found that [ 

the dusting of birds with barium antimony | 

tartrate powder is more than 98 per cent I 
successful against gapeworms. The drug is ; 

automatically inhaled. i 

Our experience at Alukteswar show's that 
birds fed on bits of raw garlic carry very little i 
worm burden. i 

CUTANKOIJS UKLMlNTIHASrS i 

For narnfilarhasi.s, T.o='ev and collaborators ^ 

Mrf37l re'-mrnm'-md subcibaneous or intra- 
N'enous injections of an aqueous solnt'on of i 

iodine; and I he washing of the affected areas 
with 1 per cient phenol. Tnlmvcaious ini(M.',tionR 
of 100 c.c. of 2 per cent aqueous extract of 
tartar emetic have also been recommended. . 
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The drugs recommended for stephanofilariasis 
are Cooper's 'Lavene’ or Cooper’s ‘Dip’ and 
intravenous’ injections of tartar emetic. 

Against iiabronemiusis, intravenous injections 
of Antirnosan or iartar emetic are given. The 
following powder is applied until the wound is 
healed: Plaster of Paris 100 parts, naphtha- 
line 10 pa7’ts, alum 20 parts and quinine or 
latter powder 10 parts. 

K'VSAL SCHISTOSOMIASIS 

Intravenous injections of 1-5 grains of anti- 
mony tartrate for every 100 11:). of body-weight 
of the animal are repeated daily for six days or 
2-5 grains every alternate day. 

Geneeal 

One notable discovery that has been made 
during recent years is the addition of char- 
coal to santonin, oil of clienopodium or carbon 
tetrachloride reduces the toxicity of these drugs, 
without interfering with their anthelmintic 
ethcacy. 

An automatic drenching gun has been intro- 
duced for administering fluids to sheep. The 
ap2)ari'itus consists of a gun with Imapsack con- 
tainer. It is adapted to give doses of 1-2 oz. 

Mention may be made of the methods adopt- 
ed by Moskey and Harwood [1941] to evaluate 
the efficacy of anthelmintics. The tests may be 
grouped under ■yifro md vivo tests. The latter 
may be sub-divided into (1) dilution egg-count 
test, (2) the critical test- and (3) the controlled 
test. . 

In vitro tests: they cannot be_ acoejited until 
adequate hi vivo tests have been performed. 
For example, pmeajiple juice dissolves ascarids 
in vitro but the juice has no effect on ascarids 
in vivo. 

In ■yf-yo tests: the drug wffiich is useful for one 
kind of worms in one animal may not have the 
same efficacy in other hosts. 

Dilution egg-count test. Stoll’s method can- 
not be used as a true indication of the anthel- 
mintic efficacy of a drug, since the drug may 
reduce the reproductive capacity of the wornis 
without eliminating them. This method can- 
not be used in testing the effectiveness of a 
.•* ticniacide or of indication aimed at jDarasites 
whose eggs do not appear regularly in the 
faices. 

Critical test. This was first advocated bv 
Hall. It consists in counting the number of 
wnrms in the total amount of fseces passed on 
three or more days and then adding to the re- 
number of w'orms obtained at 

I 


necropsy. This test must be repeated on a 
sufficiently large numbers of animals. Flaw/s: 
(1) Worms may be eliminated liy other cause 
than anthelmintics, (2) the killed worms may 
be digested by their hosts, and (3) these tests 
are not useful in the case of la>niacides. The 
scplex may not be eliminated. The animals 
should therefore be retained for twn or three 
weeks to allow’' the worms to grow. Occasion- 
ally, the scolex may be destroyed, presumably 
by digestion after it is killed. 

Controlled tests. These are done in cases of 
artificial infection. In the case of fowds, 10 
birds should be used for artificial infection and 
10 as controls. 

(Safety. No drug should be advocated unless 
its therapeutic index is known. 

Finally mention should be made wffiat Hagena 
r'‘G936] considers to be the ideal anthelmintic. 
It contains paracymene, thymol, castor oil and 
kamala. It has been claimed that it has effi- 
cacy against all species of w-orms and is of low 
toxicity. 
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DETEEIOEATION OP CATTLE IK CERTAIK PARTS OP INDIA AND ITS 
PROBABLE CAUSES WITH SOME PRACTICAL SUGGESTIONS 
TO OVERCOME THEM 

By El. L. Kacra., B. ■?. Sc., M. E. C. "V. S., Deputy Director of "i^eterinary Services, Orissa 

(Received for publication on 24 February, 1943) 

(With three text-figures) 

The existence of good and bad areas for cattle which provides a good snpidy of fodder for cattle, 
in India can easily be mapped out and correlat- Conversely in tracts with a Imniid flimate which 
ted with certain types of cultivation. Good' are .subject to heavy rainfall or are provided with * 
breeds of cattle are confined to comparatively ample irrigation water a very poor type of cattle ' 
dry are.ss such as Sind, the Hariana and Dhanni is found, in spite of the availability of greazing. In 
tracts of the Punjab, Rajputana States, Kathiawar these areas, cash crops are given the most attention 
and !n such parts of other Provinces where similar and fodders suitable for cattle are .seldom grow 
donditions exist. Pasture in these dry areas (Figs. 1 and S). Other areas which fail midway 
may be good in quality but is often scarce and the between these two posscs.s cattle of intermediate 
uncertainty of rainfall makes it obligatory on the quality and the reasons for deterioration are not 
part of zamindars to grow crops, the residue of so easily explained. 



'Fift. 1* Distribution of common cattle feeds in India 



Fig. 2. Distribution of important breeds of cattle in India 


It is a well-known fact tliat in the rice growing 
ti’acts and flooded areas of Assam, Bengal, Bihar, 
t)rissa, Madras, Travancore, etc. cattle are gmne- 
3 -ally found to be greatly deteriorated, both as 
regards their physical development and capacity 
for work and milk production. Ihey 
more prone to diseases, and reproductive detects 
are common in them. It is also a common ex- 
perience in these tracts that when foreign animals 
of any hveed arc introduced for the grading up ot 
local cattle they deteriorate rapidly. In 

scattered rice growing areas like Kangradis^^^^^^^ 

in the Punjab, Gorakhpur district m the United 
Provinces, Malabar coast of Madras, Chhattisgarh 
district in the Central Provinces, a similar type of 
deteriorated cattle is found. In these areas the 
cattle lieing inefficient, the number of cattle 
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required for agricultural purposes and for milk pro- 
duction is necessarily larger, even three to four 
times as compared to that of other areas where 
good cattle exist. The larger number of cattle 
causes greater strain on the available pastures 
which results in their further deterioration, thus 
producing a vicious circle. 

In the States of Travancore and Cochin where 
the cattle are of a mongrel, non-desoript type and 
where there are no recognized breeds,^ cows are 
notoriously poor milkers, the yield obtained being 
not more than that of a good goat elsewhere. 
The bullocks are puny and weak and on this 
account the ryot is generally unable to adopt and 
make use of modern, efficient and labour-saving 
implements. To improve the agricultural prac- 
tices and provide more milk for the people the 
Travancore Agricultural Department imported 
bulls from the adjoining British Indian districts 
and Indian States, with a view to grade up local 
cattle. The Ongole, the Kangayam and the 
Amritmahal were the chief among these breeds. 
These carefully selected bulls were stationed at the 
Government Cattle Farms to serve the farm cows as 
well as the cows belonging to the local public, but 
the bulls did not thrive well and soon deteriorated. 
The calves born to them were also not satis- 
factory. They were, therefore, discarded. Yet 
another attempt was made and bulls from upper 
India belonging to the Sahiwal, the feindhi and 
English cross -breds were imported and tested. 
Of all these breeds, the Sindhi, a medium sized 
breed, has fared the best and appears able to with- 
stand the local conditions admirably. . 

The United Provinces has been divided into 
five definite, tracts according to the types of cattle 

^°G)^The dry western tract (rainfall 20-30 inches) 
wliich includes the area west of the Ganges, stretch- 
ing from Cawnpore to vSaharanpur, including 14 
districts which form part of the Agra, Meerut and 
Allahabad Divisions. In this tract good types 
of cattle, sheep and goats are to be found, and the 
soil and climatic conditions nf the teact lend them- 
selves to improvement being effected in the 

''^(Srihe^Siitral humid tract (rainfall 30-45 
inches) consisting of the highly cultivated aijas 
of parts of the Bohilkhand, Lucknow and Fyzabad 
Divisions. In this tract only animals of moderate 
size and mediocre efficiency in draft and milk are 
produced and better classes of animals, it intro- 

duced, tend to degenerate. r r ^ fi 

(Hi) The tarai tract, situated at the foot of tfie 
Hitaalayas (rainfall 45-65 inches). This tract 
includes areas where grazing is in ahundanoe, but 
only small types of draft cattle cam be raised 
This tract has no cattle or buffaloes of type 
and better types of cattle degenerate rapidly. 
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{iv) The Biuidellihand area of many different 
soil formations where tyj)os vary noticeably with 
the different types of soils. 

{v) Hill tracts which can produce only the 
poorest and sinallest types of cattle and where 
cattle from other tracts tend to rapid degeneration. 

Within ti].c above tracts, however, there are to 
be foniid some areas which, tliongh situated in a 
tract where generally poor tjTpes of cattle are raised 
are favoured in some way or other by suitable 
soil and fodder conditions and are, therefore, able 
to j>roduce witidii these circumscribed areas cattle 
much superior in type to the general type of the 
tract. 

In the rice-growing tracts of Bengal and Bihar, 
the condition of the cattle is very similar to that 
seen in other rice-growing tracts of India. Poor 
specimens of small stunted animals are commonly 
found in these areas. In Bihar, inspite of avail- 
ability of i)lenty of grazing in the region where the 
Kosi river flows, the cattle and hufihloes are of a 
degenerate type, the average milk yield of cows 
rarely exceeding one seer a, daj^ and that of 
buffaloes varies from two to five seers a day. 

At the Mlitary 'Dairy Farms in the Punjab, Sind, 
North-'Vl'est Frontier Province, and Baluchistan, it 
is said that the cattle do not appear to suffer from 
any mineral defiGiellC 5 ^ There is some evidence to 
show that cows in the United Provinces and the , 
Central Provinces benefit by the addition of mme- 
rals to their diet. Generally, yields of cows 
increase as one travels north and east of Delhi 
upto a height of 5,000 feet but excluding a narrow 
strip at the foothills of the Himalayas. In ad- " 
dition, the high country in the Central Provinces 
and the Deccan is fairly good in certain localities, 
for example Jubbulporo and Secunderabad, al- 
though it rains too much at JubbuliDore and cows 
fall off in condition during monsoon. The United 
Provinces is not good and gets worse as one travels 
towards Bengal. Coastal a..reas are bad, imtil 
Karachi is reached which area is fairly good and 
improving as one travels north. Ruk andRohri 
are too humid for cows due to the Indus river. 

In this broad outline, there are, of course, certain 
local exceptions. High humidity combined with 
high temperature has been found to be the worst 
combination. In the oi:)inion of many, no milch 
animal can stand the strain of producing large 
quantities of milk in such a climate for long and 
the breed deteriorates. The best buffaloes are 
bred in fairly dry localities and the ideal locality 
for buffaloes appears to be a place where there is a 
temperature of about 100°F. in ihe day and 
about 70°F. at night, lots of green fodder, coarse 
if necessary, and opportunity to wallow during 
the major portion of the da 3 J-. 

The deterioration is not confined to individuals 
only hut also extends to their progeny, thus 
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causing a long range drop in efficiency of incalcu- 
lable magnitude. The under-fed bullock is un- 
able to perform work satisfactorily, the semi- 
starved bull is incapable of producing strong and 
virile progeny and the ill-nourished cow gives 
very little milk. Besides the loss in milk yield, 
the cow under such conditions of .malnutrition does 
not breed properly or regularlj'-, often brings forth 
weak and sickly or dead calf and thus causes a 
further deterioration of tlio stock. All these 
under-fed animals fall easy victims of the ravages ' 
of disease and thus causes further expense and 
loss. This deterioration of cattle has a- far- 
reaching effect on the agricultural oj>erations and 
human nutrition and health. In the words of 
Sir Robert McCarrison [1927] it must be realized 
that the problems of animal husbandry sire also 
the problems of human husbandry. 

In these notorious areas, improvement of cattle 
cannot be effected by any method of breeding, 
unless the causes of deterioration are removed. 
The scientific demonstration of a definite cause or 
causes for a condition offers the best chance for 
introducing preventive and curative treatment. 
The problem of deterioration of cattle is a very 
vast one and its causes may be many. * 

From the information available from other s 
countries, it is probable that diseases and internal I 
.parasites like helminths, intestinal and blood i 
.protozoa, etc. play an important role in livestock ■ 
deterioration and bring about iieavj?' losses,, 
though there can be no doubt that the low | 
untritive value of the natural pasture is another ' 
“main cause of stock deterioration, especially : 
amongst village cattle in India which depend al- ■ 
moist entirely on grazing. The endocrines as ; 
affected by the deficiency of minerals, vitamins i 
and proteins, trace elements like cobalt, manganese : 
fluorine, selenium, etc., and environmental factors | 
such as climate, humidity, temperature, rainfall, { 
etc. also significantly affect the health of cattle. 
Review of wobk done 
A. Foreign countries 

A review of available literature on th(i subject • 
shows that many notoriously bad areas for cattle 
breeding are known in Africa, Europe, Australia 
and other countries. A revolution has followed 
the discovery of jihosphorus deficiency as the 
immediate or ultimate cause of serious IoSkScs in 
this branch of Agriculture, Exteixsive research 
work has been carried out on the vailous aspects 
of the problem and it will be of iiit(n’est to review 
the same briefly in this note. 

It has long been known that food must contain 
lime and phosphorus for the formation of bone 
and other inorganic salts for the blood and soft 
tissues. .As earty as the beginning of last century ' 
it was recognized that the lack of these might be «r- 
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the cause of abiioriiial conditions in sheej) and 
cattle. By th,c middle of last century it was 
jiroved that sumo of these uonditions in cattle, 
occurring in cortii,in. districts in Europe, and es- 
pecially in th(^ winter months and in seasons of 
drought, were! due, to the lack of either lime or 
phosphorus in the pasture or fodder. 

In. parts of Soutli Africa, Australia and the 
United States lack of phosphorus in the jiasture 
is associated wiiJi a distarse which goes by various 
names, but is eharacterizod during the life of the 
animal !'y stillness of gait, slow growth, poor 
brooding capacity, gf.'norai unthriftiness and pica 
(i.e., a ' dejiraved ’ appetite for substances such 
as old bones or eartli) and on ■jiost-mortem examina- 
tion, by a soft or brittle condition of the bones. 

It has been shown, under experimental condi- 
tions, that lack of lime in the rations of cows may 
bo the cause of failure to breed successfully, the 
calves being either born dead or with such low 
vitality that th.e death rate is high. Lack of 
sodium and cliioriiie lias been proved to be a 
cause of untjn“iftinoss in milk cows. Iron, and 
iodine are also needed by the animal, but only in 
traces. 

It is believed, liowevcr, that deficiencies, less 
marked than those referred to above as the 
direct cause of certain abnor.mal conditions, may 
exist and be the cause of a degree of malnutrition 
which affects ,the rate of growth and production, 
and may possibly render the aninxals .more sus- 
ceptible to specific diseases. On* [1930] has 
suggested that in order to balance up the rations 
with minerals one should calculate from the known 
composition of the carcasses of animals or of 
products such as millc, the amounts of each of the 
different minerals which must be absorbed from the 
intestine a,iid retained, in the body for the building 
up of the bones and other tissues in growth, or 
used for the elaboration of products such as mill?, 
l^or example, calcium (calculated as CaO) is 
present in the boifies of cattle to the extent of 
about 2 per cent and the percentage of phosphorus 
(calculated as lUO,.) is only slightly less. Therefore, 
young cattle putting on 2 lb. per daj^^ live P 2 0,7 
weight would need to absorb and retain more than 
■h oz. of lime per day. Every gallon of milk con- 
• tains about oz. of lime and i oz. of phosphoric 
acid ; hence a cow giving four gallons of milk a 
day would lose each day about 1 oz. of the former 
and IJ- oz. of the latter in the milk. Only part 
of wbat i.s coubained in the food is absorbed from 
■ tlic intcBfciiie and even wliat is absorbed is not all 
available for formation of new tissue or for milk, 

< because there is a continuous loss through ex- 
cretion. Hence, the food must contain more than 
is required to be retained in the body or secreted 
in the milk. To make up for calcium and phos- 
phorus deficiencies, ground limestone and steriliz- 


ed bone meal may be used respectively. EraseT 
[1935] has stated that wild herhivora and native 
breeds of cattle seem to be less liable to the effects 
of mineral deficiency than imported breeds of high, 
fertility, rapid growth and heavy milking type, 
because such functions require more phosphorus 
than the natural pastures of a large area of the 
world can supply and therefore the improved 
breeds may die, lose type or revert to scrub under 
less favom'able conditions. .Progressive deple 
tion of minerals in pasture lands exerts quite an 
apparent influence on the general well-being of 
the stock resulting in conditions like osteoj)hagia, 
delayed maturity, etc. He has suggested tha,t the 
mineral deficiency can be combated by supplying 
the deficient mineral element in adequate amount 
either by direct feeding or indirectly tlnough crop 
by manuring the soil, the latter appearing 

theoretically a more natural method. 

Recently du Toit, Louw and Malan [1941] have 
jnihlished their final report on a study of the 
mineral content and feeding value of natural 
pastures in the Union of South Africa. In this 
study, originally it was decided to analyse the soil 
from selected areas, the herbage growing on the 
soil and the blood of cattle grazing on the pastu. 
rage. It was thought that a definite correlation 
existed between these three sets of data. But 
after the first three surveys which were reported 
on separately by du Toit et al [1932], the collection 
of soil samples was discontinued. The results 
warranted the conclusion that soil analysis does 
not provide a satisfactory method for studying 
the feeding value of natural XDastures, as pasture 
on poor soil may yield excellent values if the sam- 
pies for analysis are taken at an early stage of 
growth of the pasture. ' Animal ’ samifles of 
natural pasturage were collected and cheinically 
analysed. These samples were collected by follow- 
ing the animals at pasture in order to ensure that 
such samples were as closely as possible representa- 
tive of what the animals actually consumed on the 
day of collection. Judged by the estimated 
requirements of cattle and sheej) for growth 
all South African natural pastimes, composed 
mainly or wholly of grasses are deficient in phos- 
phorus, crude protein and in certain areas, sodium 
for a period ranging from five to nine month, of the 
year, depending on the area. There arc indications 
that in certain of those regions the pasture iuay bo 
deficient in phosphorus also throughout the year. 
Eurthermore, on the basi.s of the average value for 
phosphorus, these grass jiastures contain at no 
time of the year sufficient of this nutrietit to pro- 
vide in the requirement for an additional functioji 
(e.g,, gestation or lactation) of the animal, super- 
imposed on growth. Theiler [1934-] described in 
detail the clinical and histopathological features of 
the skeletal diseases of animals caused by mineral 
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deficiency or imbalance aiid_ has cleared up 
the existing confusion in their classification by 
using the terms in tlieii’ pretiise histopatliologipal 
sense. He has also suggested that the endocrine 
mechanism may Ijc of significance* in controlling 
the mineral metabolism, a point which needs far- 
ther research. 

Humplirey [.1931] has remarked that vitamins 
are substances of very pronounced physiological 
activity, and can produce remarkable changes in 
the normal body, even in minute doses. An ade- 
(prate supifiy of vitamin A in the blood is necessary 
to maintain the mucous membranes in a stage 
of full physiological activity, including their 
functions of preventing bacterial infections and 
l)arasitic infestations, Vitamin D can be used 
with advantage to increase the bactericidal power 
of the blood and is of importance? in connection 
with calcium and phosphorous metabolism. 
■Vitamin E appears to be essential for normal 
reproduction and lactation. It is found in the 
imsaponofiable fraction of wheat-germ <fil, and 
shows close relationship to the group containing 
Vitamins A and D. 

Green [1938] has reviewed the importance of 
trace elements in veterinary science. Many of 
the obscure diseases have now been attributed to 
the trace elements. Since plant food is the basis 
' of animal life, any trace elements xjresent 
in the plant are likely to be found in 

traces in the animal body as well, where they 
may exercise a beneficial effect (e.g,, coxiper, 
cobalt, manganese) or a harmful effect (e.g. fluorine, 
selenium and molybdenum) or be entirely inert 
(e.g. boron). ‘ Nutritional anaemias ’ described 
under various names in various countries were 
considered to be due to iron deficiency and pre- 
vention of the disease could bo achieved by pro- 
viding licks of crude iron compounds. But, it is 
now known that catalytic trace elements arc 
frequently involved in the aetiology of these 
naturally occurring conditions — sometimes copper, 
sometimes cobalt and sometimes both apart from 
ensuring sufficient iron .for actual haemoglobin 
foi‘raation. Stewart and .Ponsford [1940] have 
stated that although admiuirstration of cobalt has 
failed to cure pining, the possibility is not ruled 
out that specific deficiency of this element may 
play an initial part in some areas in the cause of 
pining by lowering resistance to parasitic diseases. 
Manganese is now jregarded ns an essential trace 
element for animal life, ax>x)ears to stimulate 
growth, is involved in haematopoietic function, 
in skeletal metabolism and in reproduction. An 
excess of fluorine in drinldng water interferes with 
bone metabolism and causes dental defects, osteo- 
X) 0 rosis, etc. Au excess of selenium is manifested 
in cattle, horses and swine by a depressed rate of 
growth, loss of hair, most conspicuous in the mane 
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and tail of horses, abnormal development and 
sloughing off of hoofs. Watson [1938] has 
suggested that the scouring and reduced milk 
yield of cows in certain seasons .ma.y be caused by a 
iiigher content of molylxJenum in herbage of certain 
grazing areas of Somerset. 13oron is known to be 
essential for plant life and hejicc finds its w’ay in 
traces into the animal economy wfiere, however, 
there seems to be as yet no x>roof that it performs 
any specific fimction. Traces of zinc, which seems 
to function as a stimulant to the growth of certain 
crops, increasing cholorox>hyll production and 
photosynthetic activity etc., wmuld naturally find 
their way into the animal economy and are ax')pa- 
rently sufficient since no naturally occurring zinc 
deficiency disease” has been reported, although 
rats experimentally fed upon a purified diet 
containing less than 0 • 02 mg. per day show^ed 
delayed intestinal absorption and decrease in 
growth rate, 

Cuthbertson [1940], wfiile discussing the quality 
and quantity of xJrotein in relation to human 
health and disease, has stated that although the 
adult physical pattern is determined by hereditary 
influences, yet in the period of growtli it may be 
enhanced, dwarfed, warped, or mutila-ted by the 
influence of the environment of which man’s 
food supply and its protein element form a part. 
McOay [1912], quoted by Cuthbertson, states that 
there is amisle proof of the all-imjmrtant influence 
(?xerted by food and particularly protein, in de- 
termining tlie degree of muscular development, 
the general pliysical endowment, the powers of 
endurance, resistance to disease, and most of all 
the place a tribe or race has won for itself in manli- 
ness, courage and soldierly instincts, etc. The 
higher the level of protein interchange, the more 
robust and energetic, and the more manly the 
race. The density of population in relation to 
available food supjfly determines the }irotein 
intake. Low protein in diet reduces an 
ammal’s resistance to disease and rc*tardH the lieal- 
ing of wounds a,nd prolongs convalescence. 

Du Toit et al. [1941] have concluded that since, 
unlike phosphorus or calcium, the reserves of 
vliich in the animal’s body may tide it over a long 
]:)eriod of inadequate intake without aj^preciably 
affecting its productive performance, protein 
undernourishment may immediately limit produc- 
tion or prevent it entirely. The low level of this 
constituent existing for several months in each 
year in most natural pasturages must l>o 
considered the limiting factor in tlve XJi'oductivitj'- 
of both cattle and sheej;) in the Union of 
South Africa. They have further stated that the ex- 
treme deficiency of protein in the grass pasture.^ 
during winter is a xiroblem of equal, if not greater 
importance than that of x)hosphoni.s deficiency 
•and they surmize that the iraprovement or 
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" supplementation of winter pasture with the object 3. The third class embraces those animals that 
of'inoreaBing tho protein intake, of animals should fad to become acclimatized. These degenerate gra- 
greatly benefit the cattle and sheep industries of dually and disappear after three or four generations. 

their country. ■ — Henderson [1931] in discussing the relationsliip 

Leitoh [1937] has remarked that in addition to of pica in cattle to trypanosoiniasis has concluded 
the direct infiiience of imder-nutrition or mal- that (a) Pica in Northern Nigeria boars a close 


t nutrition duo to imbalance of the constituents of 
diet, vitamins, proteins or uiinerals on growth, 

E fertility and production, there is the other, possibly 
even more interesting and iinportant, indirect 
. efl’ce fc tb ro ugh its in edifying action on susceptibility 

! to infections. There is evidence that it may be an 

important pre-disposing factor in infection with 
Br. aboriua. Ross and Graham [1933] have 
specifically investigated the effects of the im- 
proved pastures in (a) increasing the degree of 
parasitism owing to the heavier stocking carried, 
or (6) so improving the nutritional state of tho 
sheep that the animals are able to resist infestation 
or at least the effects of infestation. Ross and 
Gordon [1933] pointed out that in sheep kept on a 
diet low in protein and minerals the resistance to 
Iluemonchus coniortus was completely broken down. 

Richardson [1935] has stated that it may be 
that climatic factors affect the protein and mineral 
contents of a pasture and the difference in mineral 
content of pastures in tropical and temperate 
regions may be caused by a differential effect of 
climate on the rate of nitrogen and mineral 
uptake on the one hand and rate of growth on the 
other. Bonsina [1940] has discussed the influence 
of climatological factors on cattle and is of opinion 
that livestock react strongl3^ to climatic changes, 
because these chaaiges affect their vital physiologi- 
cal functions such as internal combustion or meta- 
bolism, respiration, body temperature, habit, fertili- 
ty, etc. The activity of endoerines l&e the pitui- 
tary and adrenal glands is also affected. The 
problem of under-development of cattle in tropi- 
cal and sub-tropical regions is closely connected 
with the climate and temperature of the regions 
in which the animals are kept, Teodoreanu [1938] 
has reported that domestic animals brought from 
one region to another show variabilitj'’ of different 
degrees depending on the influences of climatic 
and food changes on theii* constitution, resistance, 
production, etc. It is possible to distinguish 
I three types of such modifications. 

! 1. Jri the first, the animals are subjected to 

! non~hereditary modifications which can be ob- 

served and appraised bj^^ a competent eye and com- 
bated by prophjdactic measures. The different 
parts of the body are subjected to slight diminu- 
tions from the original size. Robustness suffers as 
w^ell as the productions of milk and beef. 

2. Tho second class embraces animals showing 
hereditary variations during several generations. 
Constitution and production dimmish until ap- 
j preaching that of the local breeds. 


relationship to trypanosomiasis of cattle, (6) the 
infection by trypanosomiasis causes an acidosis 
in animals with consequent upset of the ■' alkali 
resei-ve ’ of the blood, (c) the excessive excretion 
of sodium and calcium clming an acidosis cannot 
be compensated b^' the amount of these elements 
in the herbage normally grazed by cattle, (d) the 
uncompensated, loss of sodium and calcium leads 
to a craving for salts containing these elements 
and it is expressed ]>.v the showing of pica symii- 
toms. 

Bisschop [1940] read a paper entitled * Bionomic 
studies on indigenous and exogenous cattle in the 
semi-arid regions of the Union of South Africa ’ 
at the Seventh International Genetical Congress, 
Edinburgh in August 1939 and the suggestions for 
work under Indian conditions contained in this 
note are based largely on the work reported in his 
article. 

B. India 

Under-niitrition, owing to lack of sufficient 
fodder for animals in the couiitiy, is probably the 
most imjjdrtant Hmiting factor to the development 
of cattle in India. In addition to general lack of 
fodder, however, there are in some areas marked 
, deficiencies of minerals, iirotein and certain vita- 
mins in the fodder. It is knovrn that in many 
districts, in this,sub-contiiicnt, the soil is poor in 
j)hosphates. Thus in Bihar soils, Davis [1918] 
found that the total phosphorus percentage varied 
between 0 • 086 to 0*137 and the amount available 
from a trace to 0*002 comjiared wdth about 
0*27 and 0*16 respectively in good soils. The 
report of the Department of Agriculture of Madras 
for 1918-19 states that the crying need for almost 
all crops in Southern India is jihosphoric acid. 
This poverty of the soil in phosphorus affects not 
only the composition but also the bulk of the pas- 
ture. Deficiencj^ of phosphorus in the soil is, 
therefore, probably an iinportant factor, both in 
under-nutrition and in malnutrition. Davis [1917] 
attributes low milk yield of cows in Biiiar to defici- 
ency in phosphorus in the pastures, and McCariison 
. [1927] has stated that in Bihar and on tho coast 
of Malabar mortality among cattle is high, sterility 
is common, and the milk yield of cows low. Iffiese 
conditions are associated with pica. M.aCarrison 
suspects the cause to be laclc of phosphorus. 
Warth [1927] puts forward the idea that it is 
probable that cattle hi India suffer from deficiency 
of minerals other than phosphorus and that there 
may be a deficieiKy of [common salt, i.e. of 
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sodium and chlorine. It is a well-known fact that 
lack of salt has an adverse effect on the health and 
productivity of cattle and that the requirements 
for salt are specially high in hot climates. 

The extensive investigations of McCarrison 
[1913] have indicated that there is a shortage of 
iodine in areas in the region of the Himalayas, hut 
so far as is known this shortage is not associated 
noth high incidence of goitre and its sequelae 
in cattle, though these conditions are very preva- 
lent in human beings in some of the Himalayan 
regions. 

The economic importance of deficiency of mine- 
rals in the pasture was referred to hy several 
witnesses giving evidence before the Eoyal Com- 
mission on Agriculture in India. Warth [1927] 
offered the opinion that it was impossible to lay 
too much stress on this subject. He believed 
shortage of calciu m, phosphorus, sodium and 
chlorine occurred in various parts of the Empire 
' and that deficiency of phosphorus was perhaps the 
most important Indian problem. McCarrison 
[1927] who has done exceedingly valuable work 
on deficiency diseases also empliasized the impor- 
tance of deficiency of minerals, especially of phos- 
phorus and iodine, in causing malnutrition which 
I he regarded as the most far-reaching cause of 

i disease in India. Olver [1933] has stated thaf one 

I of the fundamental causes of degeneration of 
I stock and loss to stock- owners is defective nutri- 
^ tion due to ill-balance or actual deficiency of essen- 
I tial food ingredients. ■ * 

; Ware and Sen [1937] have indicated as a result 

j of a sm'vey of the problem of malnutrition carried 
out at the Imperial Veterinary ReseOTch Institute, 
i Mukteswar, that the effect of these deficiencies 
j; is not confined to a general physical deterioration 
of the stock, their productive pow’er has been 
[ affected, breeding difficulties have become more 
, common and susceptibility to certain classes of 

5 disease has been increased. To give a few illus- 

trations on the above point, mineral deficiency has 
given rise to pica and osteomalacia in Madras 
and Hyderabad and the stunted groM'th of ani- 
mals in Berar has been ascribed to the same cause. 
This is probably also true in parts of Bengal, 
Bihar, and Assam. Milk ;\ueld hi nio.st of these 
areas is low, mortality is high and sterility is 
common. The disease known as ‘ blindness in 
calves ’ which is usually associated with a non- 
i, .specific form of abortion in cattle has been shown 
to bo due to malnutrition. It will thus be seen 
that the problem of malnutrition is an all-India 
one, but it may be found necessary to tackle this 
subj ect regionally because the type of malnutrition 
■ : may not be the same in every part of the country. 

They have emphasized the necessity for investi- 
gations of a comprehensive nature to study the 
preohlem of animal nutrition in relation to main- 
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tenance of health, normal growth and increased 
productive capacity (*f animals in India. Ware [ 
[1937] has discussed the importaiu;c' of grazhig in i 
regard to the dfwelopmont of (-attic and dairying 
industries in India and has made appropriate | 
suggestion.s for the extension and improv(mient of 
pastures in India. Valuable studies of Indian 
grasses and grasslands have been niade. by Eurns, 
Kulkarni and Godhole [1925 and 1928] with sperial ' 
reference to the Province of Bombay haA ’ing A^aried ^ 
chmatic conditions and consequently different kinds 
of grasslands and have made u.sefLil recommenda- 
tions for the improvement and proper utilization 
of grasslands. 

Lander [1937] has hrietiy summarized the graz- 
ing eoiidirion in the different provinces and has 
recorded the results of chemical analysis of cojnmon 
Indian fodders and grasses grown on different 
soils and under different geographical and climatic 
condition.s and at Auirious stages of growth. Ho 
has also given the results of mineral sui-A^ey of the 
Punjab soils carried out by him. Befei-ring to 
certain special areas which are not(!d for the rich- . 
ness of natural fodder and the excellence of ani- 
mals which graze it, he has stated that the most 
notable of these is perhaps the Government Cattle 
Breeding Farm at Hissar comprising some 37,000 
acres of natural grazing land, part of AA’-liich is 
enclosed as irrigated paddocks. Hissar is the 
home of the famous breed of Hissar cattle AA'hich 
thrive to perfection on the highly nutritious 
grasses found in this area. The chief of these are 
(1) Anjan {Pennisetum cenchroides), (2) B%r 
(Andwpogon laniger), (3) Panni {Andropogon 
muricatus), (4) Palwan {Andropogon pertums) and 
(6) Dub {Ovnodon dactylon). Anjan is the best 
grass on the hir (grazing ground) ; it groAA'S over H 
vast areas and is highly nutritious ; it makes 
first class hay and has proved to be a most 
satisfactory ration. 

Viswanath [1941] in his pre.sidential addi-ess to 
the Section of Chemistry and Biology at the 10th 
Annual Meeting of the National Academj^^ of Scien- 
ces has reviewed the recent developments in the 
Science of Plant and Animal Nutrition and them 
significance to national nutrition and health and 
has emphasized the importance and A’^alue of cattle 
manure for the growing of crops. It is unfortu- 
nate that at present cattle manure, an extremely 
valuable fertilizer, is used more as a fuel in the 
form of upU,s than as a manure. His cxp(Hmonts 
eaiTied out in collaboration with McCan-ison [1927] 
and Avith Suryanarayana [1927] haAm shoAvn that 
the grain from cattle-manured crops, which shoAved 
greater vigour and grew a better plant, also 
posse-ssed better nutritive value and higher protein 
and vitamin content than the grain from the 
mineral-manured or unmanured crop. Organic 
manures, besides improving the pliysical condition 
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of tilo soil and l)oing sources of the ordmary food 
fOiislit'UC,nJs fnr jdauls, also su]>j>ls' sonic agents 
like anxi,nu'ii*‘s oi' vilajnins wliii'h coJitriliiitc 
greatly to Mie gnnvtii aixl repjaidiictioii of jilants. 
Ill addition to tlu*ir hio-chcinicu] activity, the 
niicro-hiologicai population uf the soil contributed 
direi-tly to tht' plant some stiniidant which is 
ultimately jiasscd on to the animal. It appears 
that aiiximones for plants and vitamins for 
animals arc probably the same, ,or if difierent, 
exist together and are independent, functioning 
in different ways, according to the organism in 
wliich tliey are introrhiced and the conditions 
under wliich they operate. 

>Sen [lOlh'l] has stated that a good breed will, 
deteriorate if kept for a long time on a defective 
ration. He has referred to the hai'mful effects 
liroduced by the excess of flriorine in the diet of 
cattle in fhiorino-ricli areas, especially where fiiuor- 
.spar deposits occur and has stated that this siibs- 
stance is found in India in certain parts of the 
Clentral Provinces (Raijiur Pistrict) and in some 
places in the Punjab and Madras Presideiic 3 o He 
is of the opinion that deranged endocrine func- 
tions (o.g. thyroid, pituitary) are likely to be asso- 
ciated with unbalanced rations supplied to the 
animals. Ho has stated that a very curious fact 
is that most of the good animals in India come from 
the tracts where rainfall is low and water is 
scarcely available. With the increase in the irri- 
gated areas and eonsecjnent increase of crop pro- 
duction, grazing areas are getting fewer in number 
and animals coming from irrigated tracts are much 
inferior in condition, so far as their performance is 
- concerned, and, moreover, these animals are 
more susceptible to parasitic infestations and 
diseases in general. Experiments carried out 
by R.oy and Sen [1933] at Mukteswar, which is 
situated at an average elevation of about 7,000 
feet above sea-level in the Kumaiin hills, show 
that with, the growth of the plants and increase 
in rainfall, the percentages of lime and phosphorus 
in pasture grasses increase to a maximum in 
September- October. After this period, the 
amount of phosphoi’us decreases considerably 
with the a.])pi‘oach of wintci' and dry conditions. 
,No marked (iecrease in the lime content, however, 
takes place. Thej'^ are of o])inion that during the 
winter .mo.ulhs, the i-atio betu-een lime and pho.s- 
phonis may be abnormally high, and hence a 
ration cojnposed mainly of a winter-cut hay with- 
out the addition of ])hospliorus-rich concentrates, 
maj" induce aphosphorosis and malnutrition in 
cattle. Sen [1935] has stated ..that deterioration 
seen in most of the indigenous breeds in India is 
due to a number of causes, of which malnutrition 
and disease are probably the most important, 
causes and uhicli are to a large measure inter- 
dependent. Po a great extent indigenous animals 


appear to have adapted themselves to tin* type of 
food-stuffs available in this country, uameij’ to a 
diet containing a low a, mount of protein and. 
mincj'als and a fairly high amount of fibre, ])ufc the 
net consequence of this malnutrition lias been the 
survival of a type of animal which is small, un- 
developed and economically vei\v unproductive. 
The milk yield of the cow is low, breeding 
difficulties are common and in the case of draught 
animals, the return in terms of w^ork is verj^ small. 
Large number's of such animals exist throughout 
India and are, from an economic standpoint, a 
serious loss to the country. attcm]:it to 

improve the animal industries of India must, 
therefore, take into account the need for adequate 
and well-balanced diets for domesticated animals 
of all kinds, and in order to study which constitute 
a well-balanced diet, systematic research work on 
the nature of our food-stufis is essential. He 
has also emphasized that there is an intimate 
connection between malnutrition in cattle and 
malnutrition in human beings, »Seii and Seshan 
[1938] have described the various ccaiditions, e.g,, 
congenital blindness, night-blindness, abortion, 
loxvered vitality, etc., associated with avitaminosis 
A in cattle and have suggested the ways and means 
of controlling these conditions in the field. The 
available sources of this vitamin or its precursor 
(carotene) for livestock, are discussed and suitable 
methods of jDreserving green fodder with minimum 
loss of carotene are given. 

Lander [1939] who made a comprehensive nu- 
tritional survey of the Kangra .Valley has remarked 
in introducing his note on the correlation be- 
tween soil deficiencies, poor cultivation, unthrift^^ 
cattle and human nutrition that not oiity were the 
cattle of this district of a small size but thej’- 
give very little milk and a majority of these were 
dry during the greater i)ait of the year. The main 
fodder of these cattle during the greater part of the 
year was rice straw, very rarely supplemented 
concentrated food. It was deficient in jrrotein, 
calcium and phosphates. This unsatisfactory 
system of agriculture led to insufficient supplies 
of animal products like milk to the inhabitants 
who, therefore, suffered from deficiency diseases 
like osteomalacia, goitre, etc. He stated that high 
rainfall involved considerable leaching from the soil 
of soluble minerals, tin' most (‘oiis])i(nions ol \viii(‘h 
was calcium. He suggestwl that each province 
should endeavour to concentrate on iinjst out- 
standing features of maluutiition in tlitar tei iftory 
and having found the causes should set to work to 
remedy them. Olver [1937] in discussing the 
relation of animal nutrition to public health in 
India has suggested that village cultivators i\nd 
stock-owners should ]>roduce more fodder cro]}s. 
more and better farmyard manure or compost and 
better stock, therebj^' increasing their income and 
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the nutrition of tin; family, wliiU' lUiiintainiiig Urn 
fertility of their holdinu'.s and making a .suhstaiitial 
contribution to tlio maintenance of ])ublic health. 

Gorrie, liOdT] has s1at<'d that the awful detei'iora- 
tion in the type of cattle wherevt'r (toniiuun grazing 
persists as tire usual jn-acticcs is a most sti’iUing anrl 
consistent feature of Indian animal husbandry. 
This deterioration is seen at its worst in all dis- 
tricts containing large areas of wild land, too stee]> 
or too poor for cultivation, and, therefore, ineludcs 
the M'hole of the Western Himalayas and the many 
ranges of lower hills further south. In these 
eommon grazing ainais almost every kind of live- 
stock competes for a living and larg(i migratory 
flocks of sheep and goats which descend fVoin, the 
high hills every autumn to the adjoining plains, 
like locusts in their numhei*, cause sheer des- 
truction of the available grazing. On lh(‘ other 
hand, hettei-known Ijreods of Indian cattle arc 
fonnd in areas where tliero is practically no common 
grazing ground left, e.g. dry areas of the Ihmjah 
and where the people have ])een iVu-ced to lely 
mainly upon stall-i'eeding and to concentrate upon 
few'er and better animals, At the time when hav 
ought to he made in the months immediately 
following the monsoon, the cultivator is bii.sv with 
his autumn ploughing, so tlu^ cutting of grass is 
inevitably delayed until only the dry hones of the 
grass crop are lett. Jt is not possible to alter the 
agricultural calendar, so improvements appear to 
lie along the lines of grass cultivation by contoui- 
ridging and by any other means whi(di keep the 
grass green for a longer period. .Shah [IPHOj has 
stated that it m a well-recognized fact that the in- 
tense over-grazing to which the ravines and othei- 
grazing grounds in the United Provinces are sub- 
jected prevents the maximum production of fodder, 
and that the only way to increase the fodder supply 
from uncultivated lands is to reduce the incidence 
of gj'azing. In ravine areas, goats, in i)aiticular, 
are most destructive to the natural vejretution. 
The finest cattle in the Provinces arc to be found in 
districts like Meerut wliere the grazing grounds 
are at a minimum and the v'orst cattle in districts 
such as Jiuuisi where the grazing grounds are at a 
maximum. It is of little use to spend money on 
breeding bulls and impinved br<>ecis of cattle^ Un- 
less the improved breeds and their {)rogenv are 
better fed. The only way to do tiiis i.s'^to'groAv 
more fodder on cultivated lands and to reduce 
the intensity of grazing on iincultivattHl lands. 

Aiyer and Kayasth [llkH ] iiave analysed the 
grasses and Ibdfloi's gvoAving in different' pa r^ of 
Central Pi'ovinces and Berar anrl have found That 
tile grasses are very poor in phosphoric acid, 
calcium and nitrogen contents. The grasses 
grown on heavy black soil are, however, richer in 
mineral content than those grown on light soil. 
The pool- stunted growth of the cattle in Clihattia- 
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garb may hu due to ilio phosphate dolicioiicy in ’% 
the ration. They ai-<‘ of tlu' o])inion that the lime , 
deficiency may not la^ so fironouiu-cfl as phosphate ’ 
delic'iency, for yVneo', kadhi, ]>addy st raw and wheat 
.straw which form a good part of the ration con- 
tain high propoi-lion of film*. 'I’hey iiave suggi-st- 
ed that th(‘ addition of an oil-cake may make np 
the ])hosphalc deiicieucy ami the linu' or nitrogen 
deficiency, if any, can he made up by the addition 
of leguminous i'oddors, c.g. IxM-seem, joir O', soyabean 
L'idihL m the j-ation. In the riee tract, the j 
rice ]iolishing (huida) which is rich in jihosphorie 
acid should not bi' ivastcd but utilized in feeding 
to the cattle. In the vhcat tract hhnn<u of the 
h'giiminous crops should form a part of the ration 
to the cattle. Iyer Ilil.T)! has shown that the 
mineral composition of urassi-h may bi^ alfVet<‘d by 
the tyiie of tlic soil, the species of gi-asses. maturing 
and cultivation. Chaudlmri 111)1), ‘}j has reporti'd 
that calves wbii-h wci-i‘ stunted in gi'onth improved 
considm-ably in weight ami condition altm- Innng 
fed a mineral su|Tplemeiit. 

Rhalerao (H):’-!] lias staled that in India there ^ 
ai-e nmnbei-s of ailments of cattle which go un,-*#- 
noticed and undiagnosed and which, ulthongb not 
in all cases af)])ii)‘cntly serious, undei-miiie the 
health gradually and rend<*r them incapalile of 
serving humanity to tlunr ]n'opm- oxtmit, while in 
some eases tiny <‘vtm lake their toll of life. tSucli 
diseases are usually causisl thi-nugh the agency of 
woi-ms which arc parasitic in the various organs of 
these animals. .Although (ixact data are not 
available at present in regard to the loss that is 
aetnally caused by worms, it is certainly larger 
than genei-ally imagined. The Veterinary In- 
vestigation Ofilcei-s working under the Imjierial 
Council of Agricultural Jteseai-ch schemes havej| 
discovered the existence of nutritional disorders, 
o.g. osteomalacia, pica, infertility, oye-tro\ihles etm 
and liigh incidence of parasitic infestations in 
i*ertain parts of India which mclude thc! notorious 
tracts referred to in this note. 'I'he Councirs 
Helmiuthological .schemes and thc nutritional 
schemes Iiave thrown and will throw in due coui.se 
more ligiit on tlu*sc aspects of this vast [irohlcm oi 
deterioration ol’ cattle. Carhm-y, (fiiattcrjee and 
Talapatra 11 9:571 havi^ car.ricd out a fairly compre- 
hensive series ol' t'.xpm-iments to determine the 
mineral roipiiremcnis of cattle in tlu‘ liec' growing 
tracts in noi-th-(‘ast India. 'I’lu' reusits indicate 
that ans straw is consideralily superior to aniiut’^ 
straw in minm-als and protein and henee in general , 
feeding' values, hut both straws are poor in phos- 
phate and slightly deficient in lime. 'i’hc 
phosphate might he conveniently supjilied through 
cake while a small supiilement of chalk would make 
up lime deficiency. Rice feur,!, (bran) is very poor 
hi CaO and unsually rich in phosphate (over 
per cent). Thc (^aO and chlorine figures have 


jf veil a iiegulive balaiiee ; while iiLspite 
of lu'avy i*a 05 ingoj^tioii (.‘>0 lo 59 gni.) a negative 
Ijalaiiee has bi'cii reeordod uj) to the stage of 4,*! 
uin. 'This is p?’obably due 1o the presence of 
pliosiihorns in llu' liet; bran mainly as ])hytin 
Tillich is not readily assimilable, J’ieo bran should, 
llieiefore, )>e sup])iement(!d with lime and elilorine 
tat one side, wldlo its phosjthorus eoinpound should 
be brought into assimilable form by hyflrolysis. 
In the ease of grt'eu feeds, tbiineii grass is better 
■^liiilaneed thitn Najiier and Hyacinth, but the feed- 
ing shoubi be; ri'gnlated in order to avoid ti large 
ing<'stion of linn*. Na [tier grass should la* siippht- 
nH'tiled witb CaCOy and both Napier aitd Jlyaeinih 
should be so j-egulabal as not to invohu' a. larger 
ingi'stiou of [tolasli through lh(mi. d’htty both 
(sjteeially iUaeinth) retjuire some eako sujiple- 
ment'. Tlyaeinth is oftiai used as a fodder in some 
parts of Bengal when theie is ti I'oddei* searcity. 

Ciiattcrjee I I942j lots stated that in the rice- 
growing tracts lice straw has betat and will proba- 
bly remain the chief j'ougliage and as its use must 
have largely contributed tonauis the pie.sont 
^situation its judicious feeding is of nmch imjior- 
taucc to the future well-being of cattle. I'he 
main deficiency vith rice straw is that it is very 
poor in protein and phosphorus and contains a 
large quantity of crude fibi'c on one side and an 
interfering sub>stanec (oxalic acid) against a proper 
iibsor]ition of lime on the other. Again depending 
on the nature of feed combinations, the iligesti- 
bility of straw pi-ot(4n vaiies from nil or <'ven 
negative to h, 4, 5 percent going up to ,‘>7 per 
cent. When a lialanee sheet was draAvn of the 
intake and outgo of the essential body components, 
more ]notoin, lime, magnesia and phosphorus 
_ were draitied out of the body than weie supjjlied 
'*in the feed, with the inevitable result that 
the animal lost in condition, body weight and 
thriftiness. As soon as the animals were proAoded 
Avith a suitable concentrate (linseed cake) a A^aln- 
able combination of protein and phosphorus 
ensued Avith the result that not only <lid the general 
‘appetit(‘. and eonsum])tio]i go up but there Avas 
definitely better utilization and assimilation of the 
food conijAonents and the animals gained in the 
weight. 

.B,umiah [llblbj has stated that an area in the 
Kiiruool district Avas inA-ostigated as a deficient 
area in phosjhunic acid as revealed in the pasture 
survey. A disease commonly knoAvn as Vayu- 
Potlu resembling ostomalaeia or artlnitis is ende- 
mic in that ai<'a. Blood phos})horus Avas AU^ry Ioav, 
giving a l)lood picture of pronounced imbalance, 
'hie ])resenee of tluorim' aiul mineral imbalance are 
factors operativ(‘ in tlie inckhmee of the disease. 
A similar field si!r\'<‘,\' of cattle in South Kanara 
district shoAved h-ss jmenouneed symptoms of 
■«S‘'d(‘ficiem;A' resulting in general poverty of condition 


ill cattle. Herbage proleiii studies revealed that 
inanuring ha.s a marked elfect on the total nitrogen 
content and type of disti ibutloii of nitiogon in ihe. 
lieidiage of cereals. 

Amvar Ullah [Ibutlj has stated that most of tne 
constituents, especially the minerals in tlie fodders, 
tended to decrease Avith advaneiiig age, the main 
exception being in the ease of nitrogi'ii-freo ex- 
tract which always increased with age. In certain 
eases, of course, this did not hold true which is 
mainly exxfiained by some disturbing conditions, 
sucli as damages due to drought, tlood, etc., or 
disturbing conditions like mauuring, etc. iii- 
fiuenee of soil conditions in Bihar Avas AX'ry marked 
and it may be said that all foddiws grown at 
ISabour, Darbhanga, Pusa and Ikitiia are expected 
to be. rich in most constituents, esxjecialiy the 
iiujiortant ones like x>rotein, calcium and plios- 
jihoric acid, Avhereas the fodders groAvn at Kanke, 
Jamui, NaAvada and Banka are generally ex- 
Xjected to be xioorer. Exoexitions, of course, 
exist but these show the general trend. Though 
there were no controlled experiments on the elfect 
of seasons on the comfiosition of fodders, yet it is 
observed in a general way that the fodders groAvn in 
the 1938 season Avere richer than the fodders 
grown in 1936 or 1937. In some cases the 1036 
cro]) was also richer than the 1937 croj), which 
seem to have been the poorest in recent years. 


SgMJS rEACTlCAL SUGGESTiONS 


To elucidate xjrecisejy the causes of degeneration 
of cattle in various jDarts of India is a difficult and 
complicated jiroblem requiring systematic iii- 
Axstigation and involving considerable expense 
and time. For such an investigation it is necessa- 
ry that data should be collected from the affected 
areas regarding local environment, c.g., climatolo- 
gical factors, condition of soil and Avater, nutritional 
deficiency including that of important minerals 
like oalcium and phosjihorus or their imbalance 
and of vitamins, especially fat soluble, Autamins, 
A, -D and E, the excess or absence of trace elements 
like tiuoriiic, cobalt, manganese, etc. and the inoi- 
dciiee of diseases and parasitic infestations in- 
oiuding blood xnwasites etc. The probabJfi causes 
of deterioration in these areas should first be sorted 
out and the point settled whether the various 
suspeetecl causative factors act singly or in eombi- 
uatiou by actual ex]Derimentatioii iqjon batches of 
local cattle and cattle imjmrtcd from good areas 
Avherc deterioiation is not marked. 'J’he act.uai 
number of these batches Avill depend ujioii tlie 
number of suspected etiological tactors, c.g., cli- 
mate, diet, parasites, etc. and the possible com- 
binations in Avliich these factors may be operating, 
keeping suitable control. 

In each experimental batch the umvaiited factor 
or factor.s .should be eompletely eliminated as far 
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iia po«fcsibit“, c.g. by hupplyiiig tlie deficient mineral 
or vitamin or protein in adequate ({uantities by the 
most .suitable route, by overeoining para.site.s by 
regular use of suitable drugs and examination of 
faeces or blood as tlie ease may be, by dealing with 
the trace elements as r(*quired, and by reguhw im- 
munization of t,he animals against the prevalent 
contagious diseases like rinderpest, haemori-hagic 
septicaemia, etc. Itegular data in detail with 
phoiogra}dne records .siunild bo collected from all 
tbe animaiy l-ieibrci tlic eoinnienecunent of the ex- 
periment and duriiig tlio eour.^'o of the experijnent 
and the- beiu'fieiai resuits accruing thoKifrom in 
regard to growth, milk production, capacity fur 
draught and repi'oduetion should he observed. 
Chemical and biological analysis of blood, skin ajid 
hair studies and, whei'e necessary, accurate clinical 
and detailed ■jmt-wodem. examination .should he 
carried out. This kind, of iuvestigati<m can be 
carried out su(;ces.sfully only if long-range experi- 
ments are planned, say for a period of at least tem 
years, and it should be remembered that .such a 
comprehensive investigation may pj’oduce very 
important and far reaching results. 

However, by a careful analy.sis of tlui available 
information on the subject, some general con- 
clusion can be drawn with which it might be possi- 
ble to take some steps immediately with a view to 
tackling this serious problem with some degree of 
succeiBS. The following points arising out of the 
review of the existing literature deserve careful 
consideration : 

1. Grow fodder craps. Good cattle arc found 
in comparatively drier parts of the country where 
people groAV or are forced to grow fodder crops for 
the maintenance of their -cattle in the absence of 
suffi-oient pastures. It seems, therefore, necessary 
that if cattle-wealth of the pooi’er areas is to be 
improved a suitable proportion of the land should 
be under fodder crop.s. To inake the agriculture 
more remunerative and the cultivators healthier 
and more prosperous, it is essential that fcAver 
cattle with greater production and capacity for 
Avoi'k should be ma-iutained and fed jjroperly 
utilizing the limited fodder j-esources in the best 
possible way. 

2. Balance rice straw. Rice straw is the staple 


wholesome assimilation of food and proper de- .-I 
vclopmont and functioning of tbe body, it is nut j 
difficult to imagine wba-fc the <'att|{' lose w.heii they 
arc fed mainly on T'ieo stra-Av. ITiub'r tlu' Impei-ial 
Council of Agrieultui'al .Ib'scairCi aniinal nutrition 
scheme in Bengal, ludu Bhusban Glnu-terjoe has 
sboAVU that these (hd’eets in vice straw can reme- 
died bybalaneing it uj) with ih(i juhiitipu of the 
locally ava-ilable feeds siieb, a.s oii-eak('.s (ensures 
valuable eoiubiuatiou of protdn and pbosphorus), 
rice bran (eoiitiii.s pr<,)l ('in of high biological value * 
and is ricli in aoil and pliosplK.a-iis'C and piilsos (rieli 
in xn-oteius) in sinall {juantities along witli .some 
green forcige (osj)eeia.liy (-o sup}ily vitamins]. 
Calcium and j)liosphoj-u.s su])plemeiit, (ng. a .small 
quantity of powderi'd chalk and ,stej-iliz{'d bojic 
meal Hour may be added to the diet Avlien neces- 
sary. A fah-ly good ste]-iU. bomi-meal Hour can. be 
prex)ared locally by tlu' following method : 

In an ox)eu ve.s.sol, meat-fris' and compara-t-ivady 
fresJi bones juay be; cook{s.i in boiling Avatcr for ' 
sufficiently long period l-ill the boiie.s beeonuj st)ft 
enough to disintegrate on beating, '.flje broken - 
ohijas of bones are again cooked twice, every time ^ 
in fresh boiling Avater. The cooked bones are 
finally Avashed thoroughly in hot water. After 
alloAving them to drj- in tlie .sini for two to three 
day.s, they are crushed into powder. Thi.s bone 
meal poAvdej* or fionr priqiared for feeding .stock, 
should have but little odour, and should be nearly 
Avhite in colour. 

o. Control of 2 wru 8 itic and hacterml diseases. 
Humidity in the soil and aii‘ is mois.! favourable 
for the development of ])arasi{,i‘s, e.sxiecially hel- 
minths and the spread of .soil-1.>orue bacterial 
mfectioiis like Anthrax, Black-quarder, etc. Acute 
bacterial infections may cause heavy mortality, 
but losses from thc-si^ tii.seases can i)o prevented *• 
by the u,sc of apx)r()priut o sera and Aniceines i.ssned 
by the Imperial Velcrinary .Research Institute, 
Mukteswar. Regular vaoeiiuitiou of stock against 
these diseases in infected localities preferably 
before the onset of monsoons is flosirable. .Parasi- 
tic infesl-atioiis both exlernal ii-nd internal and 
chronic protozoan infections cuusii deterioi'ation 
of the affected animals by adversely affecting 
their groAvth, milk yield and ca}>fi,oity for Avork, 


cattle feed in the humid rice groAving ti'acts of 
India where poor type of cattle Avith stunted 
growth, very Ioav milk yield, stamina and capacity 
for AAurk arc generally found. Even good cattle 
imported from healthier areas tend to deteiiorate 
in tliese areas in course of time. Rice .straAv is 
deficient in protein, phosphorus and vitamins and 
contains a large quantity of crude fibre on one hand 
and oxalic acid AA'Iiich interferes AA-ith. the proiier 
absorption of lime on the othei-. KnoAving that 
protein is the body liuildei-, eaicium and plios- 
phorus the bone former and Autaniins essential for 


although in most cases they ma-y not succumb for 
years. Regular administration of jiara.siticides 
agaimst iuternul paiasitcs and the nse of ca-ttle-. 
dijxs agaiii.st external parasites and the t-ick-boj-ne 
jDrotozoan infectious should he- (extensively cm- 
jiloyed in these are;i.s as a routine. 

-I. Prevent soil erosion. As a lAsnlt of heavy 
rains the soil may be denuded of mimu’ul matter 
and the fodd<'r on such aiA-as doe.s not grow hixuri- 
mitly and does luit coniain enough of mineral 

*It is not prci-sttiil in ;iii ussimiliiMo luno, laii il can ])o 
TOHctered a.ssimilable by hydrolysi.s f 
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essentia] ior proper uniiual growth, 
and reproduction. Whore necessary 
may b(^ j3rcx^cnteci ■ ))y resorting to 
,he piaiiiH and by terracing and gully 
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l44 Dvierioralion of Cuiih' k 

Aitlioiigh ia huiaid areas pasture lauds are found 
hen' a)id there, yet on aeeount of injudicious and 
overgrazing In' uiueli larg<'r number of livestock 
than can 1 k' jiuiintained on them and duo to their 
ill management they do not s(*rve the desired 
purpose. Not only the grazing ureas should bo 
<'xtendcd by utilizing more of the land under the 
eontiol of the Forest Department and that class- 
ti(’d as ■ cultivable waste but what ])crhape is 
more imjjuriant,' is that the existing pastures should 
bt' ])roi)('rIy developed and well managed. Iin- 
])roved varieties of grassc's slujuld 1)e introduced, 

■ bumiinif ' may be. made us(' (jf, rota.tioiial 
grazing, both in regard tr) pastiu'e land and s)K>oies 
of animal graz('d, .slmiild ]>e practised allowing 
restricted numher (jf healthy livestock only, 
shady trees and drinking water should be made 
available, the land .should b(' suitably dressed and 
manured where the soil and plant analysis indi- 
cates ujiy deticiencN', etc, 

(i. Trace elements. Whei e there is an indication 
tliat any of the beneficial trace; eleimnits e.g. copper, 
cobalt, manganese, etc. is lacking in the cattle 
feed, it should bo provided iii a suitable Ibrm. On 
the other hand, if there he evidence to believe 
that any of the harmful trace elements e.g. fluorine, 
selenium, etc., is present in intolerable quantities 
in. the diet, necessary steps should be taken to get 
rid of such an element by the proper method. In 
the Pi'ovince of Madras fluorosis has been sliown 
to be the cause of rheumatic arthritis locally called 
‘ Vayu-Potlii ’. If drinking water contains 1*0 
part or more of fluorine })er million parts of water, 
it causes fluorosis. It has been found that the 
addition of lime removes the greater part of 
fluorine from water and renders it harmless. 

7. Eesistanl breeds. There is some evidenee to 
show that different Ijroeds of eattle and buflaloes 
vary in tlioii' ability to stand the conditions pre- 
vailing in humid rice-growing tracts. Some are 
more susceptible than the othei’s, though ultima- 
tely all might revert to somcthhig like the local 
cattle. Undoubt f.dly, I he local eattle having 
adapted them.sclvcs, though , degenoratc<l, can 
stand the.se conditioiis best. .^.Iicrclbre, the best 
policy seems to be to im]»orve the local cattle on 
one side by grading them up w itii a suitable breed 
possessing sufficient ability ’to resist the local 
onvironme-nts anti on the other by j)roviding ccono- 
mi(‘ally balanced food and freetlom from })arasitic 
and otlier diseases^ U U( l,er a sclnuuc to be financed 
by the Imperial Council of Agi'icultural ltcsca,rch 
it is pi'oposed to study the efleel of humid climate 
in rict'-growiug tracts on tin* four imp<jrtant breeds 
of cattle and buffaloes At inch arc largely inqan ted 
into cuch areas viz.. Hariaua, tSahiwal,Fiiidhi ajid 
Murrah, kc(])ing suitable controls in a healthier 
area and ])rovidiug similar food in similar quaiiti- 
ties and freedom from parasitic and other diseases, i 


(Jcrioiii. Paris of litdid 
The results of this schmuc nill .shou flit! order 
of resistance amongst thesf; broods, kig. If 
iflust?’a.t<‘s how dett'n’oratioji of caltit' is [Ud- 
hably brought about in the humid areas and 
briefly indicates the melliod,^- (o be adojdcd to 
remedy the same. 

Jtishop(Hl that tin* a ()ov<“ suggi'sl iojis nili be of 
some intorost. to those n lio are coiifrontcd w it li t lie 
])roblem and that tlu'.y will collect systcmaticaliy 
whore possibh*, such data as might iudicatf' tin- 
siiitahility of certain rec(»guizcd Indian brc('ds of 
cattle for diJlcrcjit tracts in tlu' count ry u lu'rc 
cattle an*. <l('.lc.ri<*ralcd at ))rcs('nt. iSuehdala and 
thos(i to he obtained in due <-oiirsc imd('r the 
Imperial Council of Agricnilural Hcst'arch schciOic 
might h<;lf) the livostoc'k oiiica'rs. cattle ounc'-rs and 
the (lovcrunu'id in affcctf’d areas to plan a \\<‘il 
organizaal .selumn; of woj'k on a largt' scale in onl('/' 
to tackle this ijitri('at(' and important problem 
effectively. 

'Oie author is greatly indebted to Mr .F. Warts, 

C. I.E., F.R.C.\CS., LV.S.. Animal Husbandry 
Commissioner with tins Govermneut <.>f India for 
valuable suggestions kindly given by him in the 
conqnlation of this not > ami to Dr Jf. C. Minett, 

D. vSe., M.R.C.V.S., Directui*. Imperial Veterinary 
Research Imstitiite, Mukteswar, ita' the two maps 
kindly .supplied by him to illustrate it. 
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crtitic system of govemnieiit. the greatest dis- 
advantage from which a professioii can suder 
is smallness in size, and this inojiably counts 
far more in a poor country like India than else- 
where The demand for veterinary gradnates 
of an advanced type has not been large enough 
in the past to justify the expense of setting up 
a separate college designed to turn out tins 
tvpe of man and India has had to wait _ un i 
liublic opinion had been educated sulfaciently 
to demind a higher standard of oducanon 
amongst the rank and .file of her ^ 

profession and, incidentally, be prepared to pay 
these men for the extni time and money spe t 
on their education, before a hve-years degiec 

cou'’se. could be introdueea. . 

Even now the arrangement r- not uniform 
thmuo-hmit India. Graduates m veteirmaiv 
science from the Madras T-niversity 
appeared, and a-rangemenfs are well _ advai nod 
for the affiliation of the Tiahore V eiermary ^ 
lege with the Punjab University^, but t ic - se 
of the other three Yetermary Colleges af- I>om- 


tirnp to 1 i'^ou viC(3 . .* tlip of too other tnrBo ^ ^ 

a ^od cxamlpe is 
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usually lollowcd m iudia, aud one may exjiect 
in due course to see all the Indian veterinary 
colleges afiilialcd vitli the local University and 
tuiTiing out graduates to lill the nioi’e important 
posts in iho'uivil departments, their work being 
suppleineiited by •Stockmen’, a cheaper agency 
which can be trained in a few months to carry 
out mucli of tile routine work for which a vete- 
rinary department is required in India today. 

In' a previous article which appeared in this 
journal for January, 1939, I endeavoured to 
skelcli the early development of the veterinary 
profession and ilio establishment of veterinary 
colleges in India, and those who are interested 
are referred to that article for details. It is 
sufficient in tlie ]iresent connection to reirord 
the fact that there a.’-e 2,471 veterinary gradua- 
tes in the evuplny of tlie Civil Governments in 
India today. Of these, eighty are Members of 
the Royal College of Veterinary Surgeons, 
England. These men are employed on all • 
types of work, ranging from curative wmrk in 
veterinary hospitals to those more important 
duties which may be included in the compre- 
hensive title of Animal Health. This nundier 
constitutes the majority of veterinary graduates 
in the country, but by no means exhausts the 
list, for others are employed in the Defence 
Department, local bodies, private practice, etc. 

In numbers, therefore, the veterinary pro- 
fession in India is lio mean part of the total 
Empire services, but even then they are quite 
inadequate for the prodigious number of animals 
for whose: health and improvement they should 
be responsible. Apart from other animals, of 
which there are many millions, there are over 
200,0 00,000 cattle in India, about one-fourth of 
,,the total cattle, population of the world. Those 
W'ho have visited India will say: ‘What cattle! 
One could very well do without many of them.’ 
This is true in part, but recent investigatkms 
have shown that if India is to cultivate he’’ land 
pro])erly and have sufficient milk for her wo- 
men aud children, she will require about that 
numher of cattle. But they must be better 
cattle, and that is the major problem before 
Indian Veterinary Depart men ts of the future. 

How can procluctivity of India's cattle, and 
other animals, be increased -within a reasonable 
space of time? It cerlainly cannot be done by 
the (li.sjointed methods that have been adopted 
in many pa'’ts of India in the past. A Veal 
punch is required, and to get such a punch it 
is essential that there should be livestock de- 
partments (call them what you will) in each 
province, in which all aspects of the subject 
arc closely coordinated by a master mind at the 
top. It cannot be sufficiently emphasized that 


livestock improvement Will not succeed without, 
the help of the veterinarian, and the veterinary 
profession must identify itself very closely with 
livestock improvement and inoreastvl production, 
if it is going to survive as a separate entity, at 
least in a country like India. 

it may u'ell be asked what the veterinary 
profession m India has been doing all those 
years Jiot to have seen that such an obvious 
arrangement was made for the development of 
the livestock of the country. Thirty-five years- 
ago when one made an application for a piost in 
tlie Indian service one was supplied with a me- 
morandum which stated, amongst other things, 
that one might be employed on administrative 
work, teaching duties, or horse — and cattle- 
breeding. By the time that one arrived in the 
country, however, all the imijortant horse-breed- 
ing areas had been removed from the control of 
the Civil Veterinary Department, and a few 
years later eattle-breedmg in most of the provin- 
ces followed suit. There was, of course, plenty 
of other work for veterinary officers to do; in. 
particular, the ravages of rinderpest in most- 
provinces were of great concern, but this disease- 
is, fortunately, no longer the menace to live- 
stock improvement that it used to be, thanks 
to the improved methods of vaccination now 
employed. 

The main plank in tne argument of those in- 
terested in removing cattle-breeding from the 
control of the Veterinary Department was rliat' 
improvement of stock i,u India was almost enti- 
rely a matter of better feeding, and a number of 
centres were set up where feeding trials were 
introdued, from the results of which we are- 
benefiting considerably today. It is, however, 
now gradually being realized that animal nutri- 
tion is only one of the items to be tackled in 
order to effect permanent livestock improvement 
and,^ moreover, to get the best results in animal 
nutrition work one requires men -vffiose main 
subject has been animal physiology. 

This is the crux of the matter. When research 
workers in animal physiology w^ere required^ 
they were not forthcoming from the V6terina.ry 
profession and they had to be found cLsewliere. 
Today, when animal geneticists are required, 
there is the same story to tell. Many of the 
advances made in veterinary helminthology 
entomology, protozoology and even bacterio- 
logy have been through the efforts of members 
of the medical profession and pure scientists. 
There can be only one reason for this and that 
is the system of veterinary education prevalent 
In the past in British veterinary colleges, which 
have catered largely for the practitioner class and 


Absteacts 

' 'inav. These uhsoi'bcd tire bulk ol the gra- 
duaU's and on the whole the system will have 
been considered to have satished requirements, 
l,,jl ;,s a training fur potential research worker^s 
•tud for Iho^e called upon to deal with the health 
livestock in the mass, which is the lot of. 
most of those who elect to serve outside the 
British Isles, it was sadly lacking m several 
.. respects. This in itself might not have been 
"''veiw sei'iuus, for being recruited largely trom 
die' stock-owning classes .Bntisli veterinary sur- 
bins wove soon able to adapt the.naeWea to he 
T.lnan'Cil conditions, but unlortunately the 
.hufion has been passed on to M-a. 
tile (vainiii!; oi veterinary graduates m the past 
■ l„,s lollotvid very cl>®cty tlui British system 
How can the position be remedied: Ji- 

depm-tnientid CoinmUtco udneli 
subject of veterinary education m the hn . 

1 Islol a, few years ago made u nuinber of vepv 
S sound recommendations tor iit^_ 

•tnd it is most unfortimate that it has not bo m 
possible to give effect to an,v of these dunii, 
the war. for every vear that provide, us 

with a batch of new graduates who appeal, to 
working abroad, to he Inching m_ certain 
essentials (if their profession. We require lutm 
whose training has been woven round he . - 

1 iect of annual iihvsiology and have piactK.al 
ixpereinco (.if animals in health and production, 

; as well as in disease. A veterinary student c;an- 
not spend ton mueh time on physiologjn ^ot 
onlv does this snbj<a‘t from the best steppmg- 
stoiie to many branches of veterinary scicuec m 
wbieb a inau mas wish t() spcciali/.e, e.g.. 

"4 uathologv, immunology, dietetics, genetics, 
pliavmacology and up-to-date clinical mcchcine. 
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but no other subject in the veterinary curiiculuni 
will <io so iiiucti to broudoii ii studBiit s iTiind 
and increase the imagination, in which sci many 
veterinary graduates, who have been traiued ni 
short cuts for passing exainiiiatioiis,^ iucreasing 
cash returns or swelling the out-patients regis- 
ter, are wanting. We require men whose coii- 
ceptioii of preventive medicine does not begin 
with the use of a hypodermic syringe after a 
disease appears in a village, but with the sel- 
ection of the correct types of breeding-stock 
and the care of the animal organism from the 
staffs of fertilization of the ovum onwards. 

f pliall, no doubt, lie accused by some of join- 
ing those who delight in having a tilt at the 
voung graduate, but tliat is not my intention. 

T feel that he has a good deal to complain _ of 
and in recent years I have noticed a distinct 
tendency on the part oi veterinary student, 
themselves to ask for a more imaginatiwi course 
of iirofessiomd training, which is a very healthy 
sign. In India, where veterinary education is 
at the moment much to the fore and nev curri- 
cula are being devised, a great opportunity 
presents itself, and ic is to be hoped that those 
in authoritv will see that old traditions are no 
longer blindly followed and that, at least in the 
dc'wee courses, the system of veterinary educa- 
tion ini induced will provide the necessary^ basic 
training lo enable a graduate to specialize m 
aiiv brand] of science pertamirig to animals 
wliicb be luav select, and ensure his accept- 
ance oil an equality with veterinary graduates 
of ofclicr countries in the administration of mter- 
natioiial conventions and other ^ measim^ 
designed for the improvement of animal health 
and animal pTnclucti(an. 
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Some new metliods !oi stadying intestin^ 
amoebae and other protozoa. Dobell, Clwfobd 

(1942). Parasitology, 34, 101-12. 

lx this article the author has described the . method 
•if obt-iiniiDi- . (1) permanent preparations^ ot intestanal 

' * Cn tk found Tal 'r/aSn desired 

*0 1,0 fked ’in U,eir natural forms, the technique 
which he recommends is very useful- tOn^nal article 
should be consulted for mirate fey 

method oonsisis of “^ta'oducing aseptically thin ^ 
dashes (No. 0. not exceeding 0.120 mm. _ in thiekne..s 
and 7/8 in. square), which have been bisected some- 
what obliquely, iu1,o the culture medium pnor^to the 
.4 inocmlum is added. Such cover glasses can also be 
inserted in growing cultures of any required age. In, 


the first instance, the inoculum is to be deposited ak 
the bottom of the tube and on the upper surface of 
cover glass; in the second, the sediment at the 
bottom of the growing culture is to be sucked uji by 
means of a sterile pipette and then re- distributed in 
the same manner. The culture tubes are to be incu- 
bated in a slanting position. Amoebae in such a culture 
tube creep on the surface of the cover glass and can 
be removed for study by means of a sterile platinum 
hook. In order to obtain a stained preparation ot such 
a specimen, the cover glass showing numerous amoebae 
(film downwards) is dropped into the fixing solution 
contained in a hollow-ground glass block for a few 
minutes (5-10 minutes or longer if required). It m 
recommended that, after preliminary fixation the 
cover glass should be turned to bring the film-side up 
and the' surface squirted with the fixative in ordex 
to ivash away a large number of bacteria, after which 
the cover glass may be dropped back into the fixative 
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t'ov the desired period. The following staming 

metiliods have given him excellent results. 

(a) Tuiujatic Immutoxylin mtlkoil 

it consists o{ mordanting the film in a 2 per cent 
solution of phosphotungstic acid iu distilled water for 
not less than 10 minutes. Tiiis period may be extend- 
ed to several hours. Hhortor period is said to he 
adequate for ainoohac while the longer are better for 
cysts or flagellates. The film is next thoroughly 
V, -ashed in distilled water and stained for 10 minutes 
or longer (15-50 minutes or even several hours) in 0.2 
per cent .solution of “i-ipened” liacmatoxylin. Cysts 
fuid flagellates require a longer time for staining. 
After staining, wash in distilled water and then 
transfer to tap-water whei'c it may ho kept for 15 to 
30 minutes (the water may be cdianged 2 or 3 times). 
The film appears purple to the naked eye and is ready 
for dehydration with alcohol, and is ultimately mount- 
ed in balsam or damar in' the usual way. 

(/>) Mohjhdic h acmntoxj/lin method 

This method is exactly like the foregoing, except 
that a 2 per cent, solution of ammonium molybdate is 
employed as a mordant in place of phosphotungstic 
acid. The author has obtained equally good prepara- 
tions of Criardia, EntromonaH, Emhadomoms, etc., with 
both methods of staining. Advantages of ' these 
methods are that they are rapid and easy, and do not 
involve the process of differentiation under the micro- 
scope, as is cuistomary with ordinary iron— haematoxvlin 
method. [H. N. R.] 

Tile storage of artificially dried grass, Wright 
tomanc (1942). J. Agrio. Sci. 31, 194-212. 

The paper deals with the effects of humidity and 
mQisture content — the two generally recognized im- 
portant storage deterioration factors — on the keeping 
quality of_ artificially dried grass. Certain drawbacks 
in the drying processes and storage are jjointed out. 

Preliminary experiments over humidity ranges of 
40 to iOO i)er cent revealed a close parallelisra between 
humidity and moisture content. Detailed experiments 
based on the above findings under accurately controlled 
conditions revealed an exLremelv high moisture con- 
tent of dried grass in atmospheres of high humidity ; 
thus at 80 per cent liumidity the moisture content 
was 18 per cent, at 90 it was 28 per cent and at 100 
per ceut ^ luiniidi'ty it vv^aa 50 per cent. Differences iu 
composition did not materially affect the humidity- 
moisture content relation. 

Tentativo_ observatioms spread over 18 mouths on 
the level of liiirnidity and moisture content favouring 
deterioration revealed that the critical humiditv for 
mould growth lay between 67 to 80 per cent. Extended 
observation over these range.? shew (a) that the mould 
P'owth was a definite function of relative hnmiditv 
i.e., in throe days at 100 per cent relative humiditv; 
?nn cent; 50 days at 75 per cent and in 

oOO day, s at 70 per cent humidity, (b) a contradiction of 
the usual assumption that if mould growth did not 
ocenr in tiyo to throe weeks, the product was immune 

longed study, (c) that mould growth may take place 
long^t^rae™ humidity if stored for a 

Espeviments designed to detect mould growth at an 
earlier .stage by iilatiiig methods rather than by 
direct mycelial detection under the microscope iiroved 
unsuccessful. The rate of increase in mould growth 
was dependent njion moisture content and humidity 
and for reafonahly safe storage, a relative humidity 
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of 67 per cent 
13^ per cent w 
confer absolute 
given moisture 
rule seen to jn 
while the hittei 


corresiiouding to a moisture content of 
,.s recommended, tliougli this does not 
immunity from mould growth. vU & 
coiitout, 'mycelium formation was as a 
.■cede du; development of musty smell 
inluru was capalile of being detected 


long before a .siguitican 
niiulc out; as such, tb 
be the earliest and mo! 
growth. Caution wai 
limits of moisture coiit 


ant vise in plate count could he 
the first two ivero considered to. 
lost rolhible imlieatioiis of mould 
vas indicated in recommending, 
siitent for long period storage, as 


this is dependent upon the mould microflora, liygro.?- 
copic naburo of sanpile a.ud local changes in moistura 
content and therefore in the surrounding air humidity 
of the sample. [ K. G. E..! 

Cystic pituitary in young cattle with vitamin A 
deficiency. L. L. Madsen, S. E.. Hall and 
H. T. Converse (1942). J. Nnir. 24, 4. 

DuiiiNG their studies on the gonadotropic and lacto- 
genic hormones of the anterior lobe of the pituitary, 
the authors examined more than 10,000 piiuitaries 
troni apparently normal cattle and observed that only 
four or five glands in the whole group were definitely 
cystic. In contrast to the above observation, iu a 
piaiined experiment with young cattle which developed 
varying degrees of vitamin A deficiency, tlie,s6 authors 
could demonstrate a large occurrence of cystic pituitary 
glaml. .fior the imrpose of the experiment two groups 
of animals were chosen, one consisted of beef animals 
of shorthorn and stiorthorn-hereford cross, the_ other 
group belonged to dairy Jersey and Holsteins. 

Amongst the beef animals, two were depleted of 
vitamin A by continuously feeding a deficient ration 
tor sometime. On autopsy, the pituitary ghmds of 
both were found cystic, 'in one of these animals, 
which was on a vitamin dotlciont diet early in life bu-b 
later fed adequate amounts of carotene, no evidence of 
repair in the cystic pituitary was found. Apparently 
the injury to the gland brought about by vitamin A 
deficiency at the early part of life was permanent. 
The other beef calves were from cows I’eceiving 30 to 
45 Ug. of carotene per kilogram of body weight. 
Symptoms of vitamin A deficiency were evident in these 
calves at birth. All of them except one had cystic 
pituitaries. _ , 

d'he dairy animals examined in this study w'ere all 
born to cows receiving sufficient carotene for normal 
rejiroduclion. Soon after their birth, these animals 
were kept on rations of varying degrees of vitamin A 
deficiency. In due course, all the animals developed 
symptoms of deficiency. Two of the animals receiv- 
ing the least carotene had very large pituitary cysts. 
Two others receiving apparently adequate amount of 
carotene deieloised cystic pituitary wdien carotene 
supjilemeiit was discontinued or partially witlidrawn. 
In two other animals while the symptom.? of vitamin 
deficiency were marked, the C 3 '.sb in the pitadtarj' of 
one \va.s not largo and histologically no evidence of 
injury to the glandular parenchyma was seen, while in 
the other (ho autopsy revealed an appai’ently normal 
pituitary. 

The cyst in the pituitary of the vitamin A deficient 
animals occurred either in the residual lumen or within 
the posterior loiie, often causing eompresaion of the 
gland and injury to tiic glandular pavctichjuTia. Ac- 
cording^ to the author.s, tlie injury’- to the pituitary 
gland in calves under vitamin A doficioiicy wa,s ju’o- 
bably due to the re.siilts of the mechanism responsible 
for injury to bodi optic nerve tract,? and other {)art . 
of the ceni.ral nervous .sj’-stom. fS. K. T.] 
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bxpbbiments on the transmission of anthrax through flies 

. Eesearch Institute, 


By S. K. SiH and F. C. 


Minett, Imperial Veterinary 
Miikteswar-Kmnaun 
(Keceived for publication on 6 April, 1944) 

(With Plate XII 

Thf exporinients desciilied in this paper were buncnlar swellings of 
carried out at Mukteswar (alt. 7,500 ft.) between 
"" May and October, 1941-43. The daily 

temperature range during this period was 68 -bO 
F in May-Juno, 64"-72“F. in Juiy-September and 
64°.69° F. in October. Goats were used as experi- 
mental animals, since they are cheaper and more 
susceptible than cattle to experimental inocula- 
tion. The anthrax cultine used was higWy 
virulent for goats and gave typical rough cotoies 
on agar. The species of inseots tested neie 
Strmmis calcitrans, Mmcxi doMCstim, GaUiphora 
erythrMephala and, in one iiistance, 
sp In the earlier experiments, iabanids (mamly 
Tahanus orientis) were employed, hut, as none oi 
these hill species would readily bite m captivity, 
the experiments were discontmued shortly alter 
their Simmencement, with a view 
them in the plains where several species of Tabamds 
with better biting propensities were known to 
occur. It is hoped to report later on some ol 
these plains species. q Pa Tvmre 

Although Tabanids 
commonly involved in 

[Mitzmain, 1914; Kehoe, 1.117, 1 , y ’ 

Morris, 1920 ; Niesobulz, 1928, ; Olsiifev and Leler, 

1935; Kraneveld and Djaenoedin, 1940], sevmal 
workers have also incriminatixl S. Gahitrans 
^ transmitting agent. Thus, Mitzmain 1914] 
succeeded in transmitting f 

pig to other guinea-pigs through the ^cs of iS. 
cahitrans by the interrupied 
the flies being fed on the and 

. few minutes before its death Le mberg mul 
Kuhn [cited by Schuberg and Bomg, 1914] report 
having successihlly transmitted anthrax to gumea- 
.nricrb cakUrcms, wlule Schu- 


- animals suftering from 
anthrax He considers the fly may sometimes 
ukftMs rSe in nature. He [^181 
hawng obtained positive resnlts by using the allied 
Lvperosia (Haematoha) ^rntaiiB. Flies 
TtMs’speSes were fed for one minute on guinea- 
ATTinnslv inoculated suboutaneoiislj xvith 

ed Avhen th immediate trans- 

frrofflSs from tt irfooted to healthy animal 
fei of flic. necessary for positive results. 

SrrefahcthehacUBlarrmdonyo^^^^^^^ 

of the fly it is Ltewrthy 

anthrax carcases. _ I . initans, 

anthrax through the “f J ' ,pc4s Poa hecn 

As regarjlB Jf- of carrying 

shown by hthrax-mfeoted flesh and 

fJ:M^W«e’inoncontofsix 
“C” oShflity of CaUi^tt 


liliMliili 


transmirrea rnc v .- - - 

through the same species of They .Pomt out 
that Iiiting flies may he a f f 

factor in transmission m some £'*• j 

AVmerica, than in others, e.g. Great Britain and 
Germany. Hetsch [1915] likewise considers 8. 
calcitrals to be the ‘most f^^ 

anthrax’, being able to carry the 
about two hours and over a distance of 
than If miles. Morris [1919], ^ 

guinea-pigs, found 8. caZ«ira«.s capable of trans- 
:^mitting anthrax mechanically from opened car- 


nostrils of Bom of ’these flie 

considers it probable ■ - ^ migld' ^Tsit shortl; 

would infect ^ts^omf 

abrasion. Osms kn [1 T fPiids froi 

Luema and IS S anth^ H 

carcases, e.g. of rabbi Calhp^o^ 

describes _ experiments an w 
and Lncilid flies were P .uithrax meat. 1 

had sucked the ]uices f _ ^ 

supli oases, anthrax baPiLt 


deposited on the agar. Morris [1919, 19221 

demonstrated the transference of antlirax bacilli 
from antlirax-infected flesh to wounds on healthy 
guinea-pigs through the agency of Oallifhora 
Mr^lhrocepliala znd Lncilia sp'p. ^ 


Transmission of Antlimx tlirovcjh 'FUes 

Morris [1919, 19221 experience -with Tabanids in his experiments on 

mce of anthrax bacilli the transmission of surra. He observes: 'An 
to wounds on healthy effort was made to induce flies [Taba 7 ius stnatus] 
a<mncv of OaUimhcn’O, to feed on healthy and infected animals kept 

5 spp/ together in a large screened cage, rhe resiilts 


the question of „e,„ativ,s t^o me. dying in a few daye ^ 

S. Mmm being inTOlyed in the _ spread ^of hept within 


w. mieurans oeing mvoiveu m unc opioo/u. ^ 

anthrax is claimed to have been investigated experiments, recourse was, ^ therefore, eventualij 
Ir, oU fnr tlufifsfi RT-nerimeiits not onlv had to feeding the Tabanids in tubes, but, as 


in all its aspects, for these experiments not only 
included the feeding of infected flies on healthy 


had to feeding 
already state(l, 


their natural disinclination to 


goats, but also the testing of infectivity of faeces feed in captivity caused these experiments to be 
of such flies when deposited on the scarified or discontinued. „ 


cauterized skin of goats. The experiments with 
M. dotnesUca and G. erythrocepliala were carried 
out to confirm the statements made by previous 
workers that these and allied species are capable 


In experiments with S. calcitrans, M. do^nestim 
and OaUifhom erythrocepMa, three types of pages 
were used : (1) The usual type of cage consisting 
of a wooden frame and covered on all six sides with 


of carrying the infection from anthrax-infected mosquito netting, with a hole and cotton sleeves 
flesh to abrasions on the skin of healthy animals, on one side for the introduction of the arm 


A few experiments were also carried out to test 
the possibility of the disease being reproduced 
through contact of infected M. domestica 
with the eyes of healthy goats. As control to 
some of the experiments, a study was made of the 


on one side for the introduction of the arm ; two 
sizes of this cage were used, one for holding about 
60 and the other 200-300 flies. (2) The same t^e 
as above, but the whole of the mosquito netting 
on one side was replaced by a sliding metal door 
to enable the flies to be brought in contact with 


effects of the direct application of anthrax spore the body of the animal, without the interveiffion 
culture to the normal intact skin of goats and of the netting. This type of cage was used in 


also to skin treated in different ways. Two the majority of the experiments with M. domestica 
experiments were carried out to test the infectivity and O'. erytJirocepJiala and will be referred to as 
of G. erythromphala bred from larvae fed on an the 'scarification cage.’ (3) Cone-shaped cage 
anthrax meat. covered with mosquito netting ^ and desired 

Specimens from flies used in some of the experi- for bringing infected M. domestica in coraaot 
ments were bacteriologically examined for the with eyes of healthy goats *, it was open at both 
presence of anthrax bacilli in their mouth-parts or ends, the narrow end being provided^ with an 
bodies or in both, and in a few instances faeces of adjustable shutter and adapted for being placed 
Siomoxys flies were similarly examined at various over the eye of the animal. This tp?’pe of cage 


intervals, after their feed on anthrax-infected 


Methobs and matbeial 
Entomological 


will he referred to as the ' eye cage . 

Experiments with 8. cahitrans were all con- 
ducted with wild specimens, and they ^^e fed 
either singly in tubes or en masse in cages of the; 
first type "described above. The methods adc^ited 


In the experiments with Tabanid.s, the latter foy keeping the flies alive between feeds and for 

were liberated in a fly-proof shed (Hate XII, figs, 1 determining whether a particular fly has actually 

and 2) measuring about 12 X 6-| feet and divided not were essentially the same as those des- 

intotwo compartments, in one of which was kept eyjbed by Sen and Abdus Salam [1937]. 
the donor (anthrax-infected) goat and in the other Specimens of Jf . domestica used in the experi- 

the receptor (healthy) goat. The shed was ments were collected from cattle sheds in the 


covered with mosquito netting of 22 meshes to 
the linear inch and provided with double doors 


ments were uuncucu. y i 

Station, but in the case of O. erythrocepJiala, onij 
laboratory-bred specimens ^ were emp oye . 


at both ends, in order effectively to prevent gpecimens of both these species were kept alive in 


escape of the flies. In the middle of the shed, gages by providing them with sugar solution to 
there was an adjustable door for admitting the upon and enough moisture in the form of 

flies, after their infective feed, from the ‘ infected * thick pads of cotton- wool saturated with water 


eagtJS uy pruvAuni^ uiiwi. ~ -o- ^ - 

feed upon and enough moisture , 


to the ‘ healthy ’ compartment. In no instance, 
however, were any of the flies actually observed 
to feed on the experimental animals, though they 
were provided with all possible inducement to do 


and placed on the top of the cages. 
Bacteriological 

In all cases where living donors were used the 


wciD ptuvAucu v-nwi «ju pu.'SKimc muueememi co no xn iwi v. ^ t.nr'il fir- 

so, including a plentiful supply of moisture and presence of antlirax bacilli in the before 


vegetation. It is noteworthy that Mitzmain 
[1913,2], In the 'Phiiippmes, has recorded similar 


Eto Ld been d«„onkratod before 

feeding of flT flie« conijXf.enced. Usuailj a 
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separate cultural examination of the flies’ heads 
and bodies was made, the heads having been 
removed immediately after the flies were killed. 
The wings were also removed. It was advan- 
tageous to ‘ clean ’ the material in the following 
way : it was first well shaken up in ten changes 
of sterile distilled water, drained as much as pos- 
sible, immersed in absolute alcohol for five to ten 
minutes with occasional shaking, and dried on 
absorbent paper. The dried material was then 
powdered in a mortar and suspendecl in saline 
{2.6 — 10,0 c.c.) from which serial tenfold dilu- 
tions were made for plating on agar. Faecal 
spots, desposited by the flies on Petri dishes, 
were likewise suspended in 2.5 — 5.0 c.c. saHne. 
After 24 hours at 37 °C. anthrax colonies can be 
recognized at a glance if they are numerous, and 
there is little contamination. They can stili 
be recognized with fair certainty, even if there 
are considerable numbers of discretely-growing 
contaminants. When there is extensive conta- 
mination of the spreading type, the anthrax 
growth is masked. When necessary, colonies 
are picked and injected to white mice for 
identification. 

The numbers of anthrax bacilli in the bodies of 
Stomoxys flies after feeding on the infected goats 
varied considerably. In 12 instances, the numbers 
of colonies estimated to have developed from a 
single fly ranged from 1,250 to 1'2 million; 
in 10 of the 12 instances, the range was from 
16,000 to 142,000. 

Teansmission expeeiments 
/. Experiments with Stomoxys calcitrans 

1. Feeding infected flies on normal shin (Table 
1). The flies were fed on antiirax-infected goats 
for varying lengths of time and then fed on 
healthy goats after intervals rangmg from 0 to 
48 hours. The main object of these experiments 
was to test the jiossibility of the disease being 
transmitted by the so-called ‘ interrupted ’ 
method of feeding, i.e. by interrupting the flies 
while engaged in feeding on the donor and allowing 
them to complete then feed on the receptor. In 
each case, the feeding on the donor was done only 
when antlnax organisms were actually present in 
the circulating blood. (The time elapsing between 
the finding of anthrax bacilli in the blood and 
the death of the animal was frequently five to 
eight hours or even more, so there was plenty of 
time for the flies to feed). In a few instances, 
the flies were allowed to feed completely on the 
donor, and in others, carcases were used as 
donors. Mitzmain [1913, 1] has given 2| minutes 
as the average length of time taken hj 8. calcitrans 
to obtain a full meal of blood from goats. Expe- 
rience at Mukteswar has shown that the duration 


of feed of individual flies is very variable, depend- 
ing on the condition of the goat and of the fly 
itself and also on the temperature of the at- 
mosphere. When the flies are being fed m masse^ 
some allowance has also to be made for the fact 
that all the flies of a lot will not settle on the host 
at the same time, w^hilst individual flies are liable 
to be interrupted in the feed by the movements 
of other flies of the lot. 

2. Feeding infected flies on scarified or cauterized 
shin (Table II). The object of these experiments 
w'as to test the possibility of the disease being 
produced by infected flies biting on fresh wounds 
or abrasions on animals. The flies were confined 
in ‘ scarification cages fed on incisions made 
with a scalpel on the flanks of goats dead of 
anthrax and then transferred to the cauterized 
skin of healthy goats. The incisions were about 
three inches in length and one inch in depth. 
The cauterization was done by applying a heated 
sx>atula to the skin of the animal and then remov- 
ing the epidermis of the scalded area by the blade 
of a scalpel, chre being taken to avoid bleeding 
in the process. In the earlier experiments, 
the skill was scarified by making a series of super- 
ficial cuts on it by means of a scalpel, but this did 
not prove satisfactory owing to bleeding and 
hardening of the scarified area that followed. 

3. Causing infected flies to defaecate on scarified 
or cauterized shin (Table HI). In some instances 
faeces of infected flies, when tested culturally, 
showed the presence of anthrax organisms. 
This led to a series of experiments to find out if 
under natural conditions defaecation by Stomoxys 
on abrasions or wounds was likely to produce the 
disease. For the piu'pose of these experiments, 
the infected flies were confined in ‘scarification 
cages’ and brought in contact with the cauterized 
skin of healthy goats. At the end of the feeding 
period, some dozens of faecal spots could be 
counted on the exposed area of the skin. The 
results were negative. 

In connection with these experiments, it was 
demonstrated that, as expected, anthrax can be 
set up in goats by lightly applying culture suspen- 
sion to the freshly-cauterized skins, but not to 
skin from which hair has been caretuliy removed 
by scissors. Also, as expected, infection is 
produced when culture suspension is Hghtiy 
applied to an area of skin, after removal 
of hair by scissors and after hungry Stomoxys 
have been allowed to feed on the area for 30 
minutes or so. The bites rapidly cause an 
oedematous thickening of the skin, with bleeding 
points, 

II. Experiments with Musca domestica 

1. Bringing infected files in contact with cau- 
terized skin (Table II). These experiments were 


Transmission of Anthraoo through Flies 
Table I 

Stomoxys c&lGiivms, feeding on normal shin 






Duration of exposure , 

(minutes) on ^ 

mfcei’val between 
exposures 

Kesnlfc 

Semarhs 

goats used as 
donor 

Date of death, 

Hies 

donor 

receptor 













10 il 







116 

.My 25 

25 

5 

10 

3 min. 

Neg. 

) Same receptor goat used 

1 for these three domn-s. 








i With donor 113 and 

69 

My2& 

2-30 r.M. 

25 

6 

10 

i> 3 min. 

Neg. 

the receptor flies were 

I fed singly. 

113 

July 25-26 

17 1 

{Fed partial) 

(Feed completed) 

1 min. 

Neg. 

J 

Bight 1 







116 


60 

2 

3 to 5 

3 min. 

Weg. 


- MB' 

Aug. 6 

150 

(Fed partial) 

(Feed completed) 

2 min. 

Neg. 


6B.M. 

160 

15 

16 

15 hr. 

Neg. 


16B 




15 

21 hr. 







16 

42 hr. 



203 

Aug. 14-15 
night 

100 

CO 

15 

10 

SO min. 

IS hr. 

Neg. 





10 

23 hr. 



205 

Aug. 14-16 
night 

100 

45 

30 

15 

10 

2 min. 

18 hr. 

23 hr. 

Neg. 

■Footnote 3 

64 

Aug. 27-28 

120 

6 

15 

2 min. 

Neg. 



uight 



16 

16 

17 hr. 

23 hr. 



64 


120 

48 

16 

2 min. 

N'eg. 






16 

19 hr. 







16 

28 hr. 



157 

Sept, 12 

120 

2 

15 

mi 

Neg. 



2 r-M. 







157 


120 

4 

16 

mi 

iSTeg. 


215 

Oot. ,4-5 

120 

2 

12 

mi 

¥eg. 


night 




24 hr. 



216 


120 

6 

12 

mi 

Neg, 


me 




24 hr. 




543 

May 1-2 
night 

30 

5 

20 

mi 

Weg. 

1 

548 

80 

10 

20 

Nil 

Feg. 

)• Footnote 2 


611 

Mays 

10-30 A-M. 

30 

6 

20 

NU 

Xeg. 


611 

80 

10 

20 

Nil 

Wcg. 

J 

6 

Aug. 17 

60 

16-20 

Till engorged 

Nil 

Neg. 



10-30 A.M. 







® 

Sept. 22 

16 

SO 

do. 

Nil 

Neg. 

Fed singly. 

14 

Sept. So 

18 

6 

do. 

Nil 

Xeg. 

Do. 


11 A.M. 








1. 'With goats 105, 208, 205 and 64 the flies were fed once on the donor and tfirice on tlie receptor as shown. 

2. i'mir separate batches of 30 flies were used, tlie same donor being used for feeding two of the batches, which were then placed on 

one receptor. 

2. All receptor gimts, except that from donor 203, later proved to bo susceptible to anthrax. 


oanied out on the same lines as those with S. All these results were negative, as might ]>erlia])s r. 
caUilrans. have been anticipated in view of tlie work ot 

2. Brmging infected flies in contact with the Aitoff [1922]. As a further check, two goats 
eyes (Table IV). The flies were fed on incisions were given on the conjunctiva a suspension of 
as above and then brought in contact with the anthrax from an 18-liour agar culture, but no 
eyes of healthy goats. In the earlier experiments, infection ensued. The suspension was held in 
they were enclosed in cigarette tins or in ‘scari- contact with the cornea and conjunctiva of one 

fication cages As neither of these proved satis- eye for several minutes before the animal was 

factory, use was later made of ‘eye cages’ des- released. 
oribed earlier in this paper. 
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111. Experiments with CailipJiora erythrocephala Mor 
and Sai'coplaaga sp. Lucili 

1. Bringing infected flies in contact with can- 
terized shin. These experijnents were carried 

out on the same lines as tiiose with 8 . culcitrans spores 
(Table II). 

2. Two experiments were carried out to t§st the 
infectivity of C. erythrocephala flies bred from which 
larvae reared for about 8-14 days from time of 
emergence from egg on meat from anthrax car- ^ ^ 
cases. The . flies were then brought into contact jy 
with the cauterized skin of goats, for 1| hi‘. on each 

of two successive days in the first experiment and 
for i|- hr. on one day in the second experiment, 

The results were negative, and anthrax organisms , 

could not be recovered on bacteriological examina- contaj 
tion of the flies or of larvae which were about to 
pupate. 

Table II 


Morris 11919] found that flies (Gatlophorid and 
Lucilia) bred out of unopened anthrax carcases 
during the warm season do not carry infection, 
but that flies bred in the presence of anthrax 
spores are cajiable of doing so. It is of interest 
also that Graham-Smith [1911] found that many 
bloivflies (C. erythrocephala and Lucilia caesar) 
which emerged from larvae fed for seven days on 
meat infected with anthrax spores were infected 
with B. anthracis and remained infected for 
15 days or more. The faeces deposited by such 
flies contained considerable numbers of B. 
anthraeis for at least twn days. On the other 
hand, flies which emerged from larvae fed on the 
body of a guinea-pig dead of anthrax, that is 
containing only spore-free forms of the organism, 
were not infected with antlirax [Graham- Smith, 
1912]. 


Transmission from carcase wounds to scarified shin 


Carcase 



Duration© 

: exposure 

Tntei’val 



as donor 



o 

1 

betw-een 



from 

Date of death 

Number 



two ex- 

Result 

Remarks 

goat No. 


of flies 

donor 

receptor 

posures 






1 

Slomoxtis calcitrans 





1942 







28 

June 16 

200 

2 hr. 

hr. 

Nil 

Neg. 



6-15 A.M. 






85 

June 18-19 

100 

• 2 lir. 

45 min. 

16 min. 

Neg. 

Flies were fed on 


night. 






clipped area on 
donor 

76 

June 12 

60 

2 hr. 

45 min. 

30 rnin. 

Neg 

Flies fed on cau- 


10-25 A.M. 





terized, pricked and 
swabbed area oir 
donor. 





Musca domestica 




. 88 

June 22 

50 

30 min. 

30 min. 

Nil 

Pos. 



2 P.M. 







28 

June 15 . . 

30 

2 hr. 

1 hr. 

Nil 

Pos. 



6-15 A.M. 







25 

June 29 

24 

6 min. 

6 min. 

NU 

Pos. 




24 

6 min. 

6 min. 

Nil 

Neg. 


1 

July 6 

24 

15 min. 

6 min. 

Nil 

Pos. 




24 

15 min. 

6 min. 

NU 

Pos. 


5 

July 23 

24 

25 min. 

6 min. 

NU 

Neg. 




24 

25 min. 

6 min. 

Nil 

Pos. 


80 


Calliphora erythrocephala and Sarcophag.t sp. 



Aug. 6 

40 Cal. 

IJ hr. 

1 hr. 

Nil 

Pos. 

Footnote 1 


8-40 A.M. 






610 

Aug 6-7 

40 Cal. 

I hr. 

1 hr. 

Nil 

Pos. 



night 



« ■ 




137 

Aug. 11 

40 Cal. 

1 hr. 

1 hr. 

15 min. 

Neg. 

Footnote 2 


10-30 A.M. 







6 

Aug. 24 

60 Sarc. 

1 hr • 

1 hr. 

15 min. 

Neg. 



1 The same batch of flies was used for feeding on carcases 80 and 610 and then on one receptor goat, first on one 
side of its bod.y and next day on its other side. 

2. One goat was used a.9 receptor, first for carcase 137 and later for carcase 6. One side of receptor’s body was 

used for the first feed and other side for the, second feed. 

3. It ith one exception (receptor from carcase 28), all receptor goats later proved to be susceptible to anthrax. 


154 Transmission of Anth7^a^ tJifo'n 

Table III 

Stomoxys calcitrans. Attempted transmission by faeces to scarified shin 



Date of death 

Number of 

Number of 

Duration of exposure (br.) on j 


goat used 
as donor 


flies 

goat used as 
I’eeeptor 

donor 

receptor 

Result 

681 

]9d2 

June 1 

2 i*,M. 

160 

010 

2 

1| day 1* 

2i, 2 „ 2 

2, 2 ,, 3 

2, 2 „ 4 

2, 2 „ 5 

Neg. 

684 

June 8 

10-15 P.M. 

60 

604 

2^ 

2 day 2 

2, 2 „ 3 

Neg. 

570 

2, 2 day 4 

2, 2 „ 6 

88 

June 22 

2 P.M. 

About 100 

23 

2 

2, 2 day 2 

2, li ,.3 

Neg. 

14 


2, 1| day 4 

2, 2 „ 5 

193 

1943 

Aug. 31 

9 A.M. 

About 1 00 

206 

1 

1 day 2 

1 3 

Neg. , 


* ‘ Day 1 ’ means day on whioh donor died. On most, days two separate exposures of flies were made, 

1. Except with goat CIO, alternate sides of the receptor’s body were used on different days. With goat 610, one 

side of the body was used after clipping the hair, this being scarified and not cauterized but freshened each 
day with sand paper. 

2. Goat 610 was susceptible to anthrax on reteat. The others were not retested, because they died 7-18 days latii’, 

from unknown cause or in case of goats 23 and 14 of pneumonia. 

3. With goat 265 after exposure to the flies the faecal spots were rubbed into the scarifications with a pestle. 

Table IV 

Miisca domestica. Attempted transmission from cmcase incisions to eyes of goats i 


Number 



Duration of Exposure 

ihv \ nn 

Interval 

between 




of goat 
used as 

Data of death 

Number 


' 

the t%vo 

Result 


Remarks 


of flies 



exposures 




doxior 



donor 

receptor 

(min.) 





1942 








88 

June 22 

26 

i 

1 

Nil 

Neg. 


] Same receptor used, both 


2 P.M. 






eyes being exposed to 
> flies from No. 88 and 


699 

June 29 

25 

1 

1 

Nil 

Neg. 


one eye to those from 


7-60 A.M. 





I No. 599. 

113 

July 28-29 

50 

1 

1 

Nil 

Neg. 




night. 








78 

S<Spt. 6 . » 

50 

H 

? 

Nil 

Neg. 



180 

Sept 28-29 

70 

H 

H 

Nil 

Neg. 


1 ■ . 


night. 







I Same receptor goat, right 

. 268 

Oct. 14 . 

60 

n 

n 

15 

Neg. 


y eye for flies from goat 


8 A.M. 

60' 





180, left eye for flies 

308 

Oct. 25 . 

I 

1 

16 

Neg. 


from goat 258. 


2 P.M. 

-1943 






- 


192 ‘ ■! 

July 13 

30, 30 

i. 1 

h i 

Nil 

Neg. 

Two separate batches of 









30 flies fed oii same donor 
and then on two different 
receptor goats. 


Receptor goat No. 78 was suseptible to anthrax on retest, receptor to No. 180 was not tested, while the receptors . *' 
to Nos. 88 and 113 died from causes other than anthrax. 
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Table V 

Bact&riological examination of flies 




Number 

Interval bet- 

Result o 

cultural 

goat used 
as donor 

Date of death 

of flies 

ween feeding 

examination 


examined 

and lulling 
of flies 

Mouth- 

Bodies 





parts 



Aug. 7 
1-45 p.M. 


203 Aug. 14-16 
night 


Aug. 27-28 
night 


Stomoxys calciimns 


Suspension of gro-und-np 
flies injected g.-pig. Result 
negative 


The flies were killed 19 hr. 
after third feed on recep- 
tor to goat 203 (see Table 
I). Suspension of flies 
injected g.-pig : negative 


216 Oct. 4-5 
night 


241 Oct. 18-19. 

night, 
142 Oct. 29 

3 P.M. 


1942 

643 May 1-2 
night. 


Weather becoming cold, 
flies sluggish and did not 
feed properly 


May 7 
7 A.M. 
May 12 
10-60 A.M. 


Flies fed singly 


537 May 15 
7 A.M. 


Only 5 of the 27 flies alive 
1 at time of examination 


150 


Transmission of Antlirao^ through Flies 

Table V- 


Number of 
goat used 
as donor 

Date of death 

Nmnber 
of flies 
examined 

Interval bet- 
ween feeding 
and killing 
of flies 

Result of cultural 
examination 

Remarks 

Mouth- 

parts 

Bodies 

091 

May 20 

7 

mi 

__ 

+ 

1 


9 A.M. 

7 

10 min. 



+ 

yFlies fed individually on 



7 

30 min. 

— c 

+ 

J donor 

591 


SO 

24 hr. 


+ 




SO 

48 hr. 







72 hr. 


— G 




25 

96 hr. 


— C 

25 flies examined after 96 







hr. included 17 dead in. 







cage 

5S1 

June 1 . 

8 

mi 

+ (very 

+ 



2 P.M. 



few) 





7 

10 min. 

; 

+ 




7 

30 min. 

— 

+ 


681 


25 

24 hr. 


—0 




22 

48 hr. 


+ 




55 

72 hr. 






6 

96 hr. 


- — 


584 

June 8 

7 

Nil 



-f 

1 


10-15 p.M. 

0 

10 min. 

— 

4' 

> Flies fed singly 



6 

30 min. 

— 

+ 

J 

584 


25 

40 hr. 


d- 




17 

63 hr. 






18 

87 hr. 


—0 


28 

June 16 

100 

Nil 


+ 

Flie.s fed on clipped area on 

(carcase) 

6-15 A.M, 





carcase 

S5 

June 18-19 . 

100 



4- 

15 min. after their feed on 

(carcase) 

night 





clipped area on carcase the 







flies were fed 45 mins, on 







receptor goat No. 85 

88 

June 22 

‘ 8 

20 hr. 


--c 

(Table II) 

Flies dead 


2 p.M. 

25 

44 hr. 



FUes dead bet\v'een 21 and 44 







hr, after feeding (Table 







VI). 



28 

68 hr. 


_c 

Flies dead between 46 and 68 







hr. after feeding (Table VI) 



26 

92 hr. 




Flies dead between 69 and 







92 hr. after feeding 







(Table VI) 

88 


11 

Nil 

— 

+ 

Flies fed singly 

88 


11 

20 hr. 




.Flies dead 

599 

June 29 

26 

5 min. 



+H 

.Flies fed on clipped area on 

(carcase) 

7-60 A.M. 





carcase 




Mtisca domesUea 




85 


68 

Nil 


+ 


(carcase) 




! + 



88 


21 

30 min. 


+ . 


(carcase) 







6 

July 23 . 

21 

30 min. 

_ 

__c 

A second batch of 21 flies 

599 


27 

Nil 

__ 

1 -fH 


(carcase) 









Calliphora erythrocephala 



80 

Aug. 6 

40 

2 hr. 


1 + 

1 Those 40 flies had been put 

(carcase) 

8-40 A.M. 





on cauterized skin of recep- 







tor to goat 80 for 1 hr. 







before being killed (Table 







11) 

GIO 

Aug. 6-7 

40 

3 hr. 


+ 

Ditto. 

(carcase) 

1 night 






H- 

—Saline suspension of bodies heated 75°0. 30 mins. 

0 — Badly contaminated plates. 


1 
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] A t'TE] ' < )1 .rn J I( 'A.L EXAM i XATIOXS 
■Dili mil inv of itiOHih- pnrfs and bodk'.^ of 
flies 

•oiiiif'iis u'c]‘(‘ killed with ehloi'oidrai and 
jniil<‘(i oir. They were then deeapita- 
nee('ssai'y and kej)t in «niat] TViii dishes 
.a filuss eontaiiiers. In a few eases, they 
1 uvej-niaid in a i-elrigei'atov and exa> 
L(' feilowiny day (Tai)ie A”). 


IT — Eormination of faere.'i of infe. 

Stomoxys calcitrans 

The flies, after being fed cm infected goats, e 
kept confined in cages and provided with ! 
dishes for deposition of facet's, d'he dishe^ t 
removed from the cagt? at vaiious intervals 
the examination of foect'S (Table \'I), 


liiiiier of 

■)afc us.od Date of deatli 
s donor 


1942— 

May 12 . 
IO-GOa.m. 


Table 

Bacteriological exmmnaUon of flies faeces 

Duration of Period during 
Number esiiosicre of -wbieh faeces 

of flies donor (hr.) deposited after 

feed on donor 


First 24 liv. 
Second 24 hr. 


H • First 24 hr. 

Second 24 hr. 


First 24 lir. 
Second 24 hr. 
Tliird 24 hi\ 
Fourth 24 hr. 


+ (many) (S) 


June 8 . 
10-15 p.M. 


30 — 40 fl.ie.s only 
aliva 

20 flies only alive 


Faeces deposited by 
about 160 flies 
Faeces deposited by 
about 120 flies 
Faeces deposited by 
about 25 flies ' 

25 flies dead 
22 more flies dead 
65 do. 

0 do. 

5 flies dead. 

25 more flies dead 

17 do, 

18 do. 

11 flies dead 
25 more flies dead 
28 do. 


ladly contaminated plate. 


1. Undt-r c-x]>c‘!'iineiiiu! conditJoiis, tihanoxy 
calciirmis failed to IranMuit- authrax to goats by 
its bites or h\ {lehieciiting on the scarified or 
e;uite]‘iz<-d .skin of goal,-.. 

2. Both Ma.bca douic-'iUcu mul C’allijdiora cry- 
Iftrocephala irat'smitred the disease wluni hrought 

! in eonlaet with Ihe caiilerizi'd skin rfl' goats, after 


o. '{'he disease eoiild not ]je la'prodnccd by 
iinging iideeled 21. (hnneM'ica in eonlaot with I Ix' 
ves of lieaithy goats. 

■i. Xo evideiua* uas oldaiiud of the p}'e,-.'('nee oi' 
n.llnav harjlli In the mout h-paids ol' .S'. ca!cifraii-'< 


S — antlirax sjjores in faeces. 

flies killed at various intcj'vals aftei- their infec- 
tive feed, except in ttvo in.stanec.s, in which very 
.sinall nmnbers of bacilli were demonstrated in tlie 
mouth-part.s of flies killed immediattdy, or within 
a fetv minutes after feeding. On the other hand, 
in some ease.s the bacilii were found in the bodies 
of such flies np to 72 hours. 

5. Anthrax organisms were lound in the faen's 
of 8. calcitrans not earlier than 21 and not later 
than 72 hours after their hdeetivc feed. 
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After the classical findings of Edwards [1030] 
in the ap]>lication of the goat-adapted virus for 
iranumization against rinderpest by the subcu- 
taneous route, tbere could be little justification 
for a new approach to the problem, although it is 
realized, that in practice, under ennditions peculiar 
to India, it had certain liniitations of a mechanical 
nattire. The draAvbaclvs lajr in the fact that the 
inetliud needs a number of fragile articles for tlie 
operation, and that the vaccine-suspension has to 
be -i>repared on the spot a.nd retained for fairly 
long periods under unfavourable field-conditions. 

The disadvantage.s are more keenly felt in those 
parts of the country wlion* means of transport are 
diificnlt and v'here juiblic opposition to all forms 
of cattle inoculation is acute. Obviously, in 

With oucouragomont from Mr T, J, Egan, Director 
of Veterinary Rervicp.s-, United Proviucos, to whom 
acknowledge inent,-! are du(>, an invoKtigation into the 
ar-ari fication inothod of inuuimi/.ation agairiKi rindei'poafc 
was originally carried out hy the author in 1938. Tho 
work was foiluwtul up hy othi'r momhers of the depart- 
ment, ;ind may later foi-in th<;^ subject of a separate 
paper. Thu .scoiic of tlii.s i»npcr is confined to an ox- 
ppriment umlertiikeu at tins rustitiito at tho instance 
of tha offleer meutinnod aliove. 


these regions it becomes a. matter of considerable 
difficulty to conduct the operation effectively. 

Inspiration for an attempt to dotermiiu' if a 
a suitably modified cutaiu'oiis mode of inoenlation , 
could be adopted with any ])ossibI(" advantagi' oyi'r P' 
the subcutaneous method vais tlrawn from t'ceent 
advances made in studies of wliat is known as 
‘ skin ’ or ‘ local ’ irnmunization. 

Literature 

Jenner [1800] (cited }>y Biirnel),in his memoralde 
work on vaccination against snial]-])ox, cmpi(>y(‘(l 
the metliod of local skin infection — tiic resulting 
reaction, though mainly localized io llie sib* of 
inoculation, gave' rise to a gcju'ral iinmimity. 
During recent years, tlu' vh'W tliai. liu' skin is an 
important iniiuimological oruat), as w(*ll as serving 
as a mechanical covering and pnAccting tlu' vit- 
al organs against bacterial invoision, has Iw'on - 
supported by ma iy woi-k('i's. 

Bes-'edka jl030j diwclop'-d ‘ciiti-vaccdnation’ 
in certain infectious diseasos. lie pro vit i tliat 
animals could l]c succcsslully innuuniz<‘.d against 
arith ax liy tlu' iutni.cu<.au(‘im.s route and Ibat the 
iinmunity thus cnubuTi'd svas of a icon^ 






Sacrification outfit stick--i 
use saves an attendant 






Tufail Ahmed SiDDiQi 

iiai.iiix! Muui t hut ohj aiiit'd by oilier me^thods of Scarifier { 

, iiiocuiation. the points 

Turt j siuflicd the' rchitivi' vaiiies of vaiioiis servations c 
foi'ins t)f inoculation, M’iili ]>a.rticiilar refcj-eaua' to skin thiokiK 
t!u^ intracutaiu'ous I'outx' in iniinmuzatiou n.gainst from 0‘8 t( 
ly|>]ioul, and foinxi tlia1. the nile of aaitihody pro- length due 
iliiction by t'ix' intracntaneoiis I’Oiite was ecjual to variations, , 
that by tlu' subcutaneous route and slightly bettor same breed, 
tha,u by the iutra, muscular routi', altliough tluj ensure that 
J. total dose of antigf'u inoculated by tlie former Avas the entire tl 
one-seventh of the amount intj'oduced by the last out being h 
I two mc'thods. It was also contended that since layers of th( 
the skin is riciily supplied Avith reticulo-eiidothelial Vaccine 
; cells itp may avcU be adapted for the liberation of j-ef^otion AVf' 
j the anti-bodies by the stimulus caused at the site inoculation 
I of the intracutaneous inoculation. from fni <i,n 

i The experiments of iNcuifeid and Meyer [cited ^oneeyed in 
by Tuft lOJMj, and a number of other workers nLiiiofl wit 
Jiave revealed that the lAdiculo-eudot lu'Iial system | ^ ’ 

])lays an important part in tlu* process ()f inununity. ^ 

'’TuJ'l [IT)!] also refej-s to tlx'. [>o,ssibilitp.\ of utilizing {j,|H:)ut'50 dcr 
tlu' skin in a sjx'cilic maunm !‘or the introduction Im .ll 
f., of aiitigi'iis by oth<“]' niocHlicd fonns ()f inoculation. y • 

These consist of immetions tUsseribed as ‘ per- ^ J Gclmiqui 
cutaneous method ' by Petmshky e# u/. through *!)■ A drop 
. scarilioatioii and subsiajiumt iminction 

described as ‘ cutaueous-imdliod ’ by IVmdrof, searifter. A 

tlie ' intracutaneous or sub-('f)idc'rnutl nudliod ’ Jieiul vi'ius ( 
of Wollf Eisner ami v^ahli, and tlu'. " cvdi-vaccina- «ele(dped, ]>r< 
tion ’ of Besredku, [all refei-onces cited by 'Tvdt Jo^er third - 
{1()31)J. ii|>J>l.yb>g an; 

These reports suggx'sted tlu' [lossibility of uti- 
lizing the skin Jdr immunization against other ri'sisi 

' infections. with 

1 ,. AUM'ii tlie poi 

MATimiAL AND EXPEEIMEKTAL METHOBS 

^ I The existing subiaitam'OLis metiiod of immnniz- IVnind (piito 
ing against rinderpest Avas conqiared with t.he scari- tp,. scarilied , 
lication method in an expej-inumtal group of ani- lodged it w> 
mals. The latter nudliod consisted in bringing 
about an interaction b(dwe('n the liost and the .soon as press 
virns throngii mullijilr- foci oJ’ irritation within cj- 

a small area on the skin of the t‘ar. and Avas a (Plate A 111', f 
modification of the intraeiitaiu'ous jnodi^ of inoen- 
lation, in Miat it enabled a rclat.ivcly larger sur- yjjy ,spi-ea,d o 
face and the entire ihickn(>ss of the skin to parti- matclv dried 
cipate in tlie process of immunization. In this 
method, the implantation of tlu* virus a,nd scari- . I*'*'* 

lication of tju' skin vi're ai'complished simulta- 
iK'ously and thus repiiiiA'd no sid»se<pieni inunction. '>t\ dngi('e o 
,.»/'riic ear for this purpose offered (•(‘rtain advantagi's ation. .J 

over „M»t pnvis of tlie I.pkIv. II wms cpwiri' t.<i 
manij)ulate, and t]u> site' where tlu* apiitigi'n had to Dccuned, an} 
be implanted, po,ss('ssed a (kgree of natui’a.l pro- wmsideied m 
teelion against' externa! intiiKMiei's, being devoid .Animala. 
of flesh a.'ful [>rov idl'd witli thin tender skin, the of 25 dairy ( 

I'ar was a, favourable sil e foi- ('lu* ]K)iiits of the seari- in the experiii 

Vhcu’ to jienetrat'i' to their full de])th into the tissues age and Avei’e 
'Involved. to rinderpest 


♦SWrytfer (Plate XII f, tig. 1). TJie jH'opei' length of 
the points of the scarifka- was important. Ob- 
servations on some dead eatile revealed that thi' 
skin thickness on the inui'r skk* of the I'ar Auiricd 
from 0‘8 to 2 mm. Jleuei', in delerjjuning tbc'ir 
length due allowance' Inul to bc' juade; for such 
variations, Jiot only in respi'd of animaJs uf t.lu; 
same breed, but also h\ those of othe'j' bri'i'ds, to 
ensure that the points ot the scarilh'r eould picreic 
the entire thickness of the skin in all ))reefls, Avith- 
out being long enough to penetrate bc^yond tiio 
layers of the skin. 

Vaccine. Gloats that liad shown a positive 
reaction AAa;re destroyed on the flfth day after 
inoculation. The splccji was j'cjnov(id atid frc'cd 
from fat and fascut. The organ was tlieii either 
squeezed in a.u iron press or ground in a. mortar, 
distilled Avater biuiig addl'd, fo ihi' pul]) at the j'ate 
of 1 c.c, to eaidi gTa.mm(', ujid t'hi'ii trau.sJ'eiTed. lo 
1 c.c. colkipsiblc tubes — each tu1)(' eontaiuing 
about, 50 doses. The latter wen' fhi'U wrapped in 
small pieces of paiviffim'd eluth fuJ" stoj'age. 

Teclmiqne oj inocnlafion (I’late XMIJ, tigs, 2 and 
3). A drop of vacelue from tlie tube Avas allowed 
to How and settle uiiiibi'udy ou tlu* blade of the 
scarifie,!'. A small area, devoki of iiaii- and su])er- 
iieiul veins ou the inner suri’aci' of tlii' ear was 
seleiked, ]>r<'f('rably ou t'lie iqyper boi'di'j' of t'lie 
loAver third region, ami the j)art cleansed without 
a{>j>iyiug any antiseptics. This ]>art Avas eNi,)ose,d 
to view am) a Ihit piece of wood Ju'Id underueat li 
to give ri'sistance. The scarifier was tlien pressed 
iirmly wdth a revolving action until contact, bet- 
AU'cn tlie points of the scaritii'r and the cartilage of 
the I'ar eonld be felt. In niosl eases this was 
(omul (juit'O adequate for dejmsitiug the, virus ou 
the searilied site, but wliej-e it w'us iiof satisfaetoriJy 
lodgi'd it w*as spread over IVom tJie surroumliiig 
area with the flat end of the. inslrunu'nt. As 
soon as pressure ou tlie searilier avus relaxed, drop- 
lets of si'rous exudal.i' could be seen oozing out 
(Plate X n I, fig. 4) from the lesions and mixing frci'ly 
with till' implanted vaccine. The mixtui'c gi'adu- 
ally sprea,d ovci- the wliolc scai'ilii'd area and ulti- 
raatclv drit'd in cnists. 


For pra.ctica! purpose's llu' abovi' 


indication of a positive' ‘ I'aki'’, though not- wilh 
the dcgre'i' oi’ ce'i'tainty a,s in otlu'r route's of in- 
oculation. .Juelging from llic bi'icf pci'iod during 
wliich mixing of t-lu' vae-cinc and skin-e-xiielatc 
occurred, any artifie'ial pi'otcciiou tu the euvu aacIs 
considered nn necessai'}' . 

.Animals. Altoge'thcr 2!) aniniids, (-onsistiug 
of 25 dairy calves a.nd four hill imlls, wu'-ri' usml 
in the experiment. The* cfiive^s Avere 7 to 17 nion! hs f)f 
age and Avei’e bom of Tluj'kuia a-nunals, immunized 
to rinderpest and belonging to the Insfi.t,ute iierd 


oiisist mg 
.U'.re' usi'd 


■ 


iOO tmmunimiio'U again xt Hinder pest hi/ S carl fimtio a Alelhod 

Tlio caivfii were wraurd at birth, and ted on ludk Boariticaiion,, and the- rejuainin,!^ iivi* tin 
obtained IVom innnnno dairy eowB. Of tiieBo, 20 cntanooiis route, with t)ue aiu! I.ln- wame bi 
oalvcB and iiie four hill bulls were inocuiated by vaccine. 

- Table I 

liemiion foUoiving iimmmizatioii and result^' oj the immunity tests 


sub- 


Iiniuimizeil on 7-4-1041 


Aiiiiiiiil 

ileUiod of immuni- 
zation. 

Iteaotion 

llomai'lcs 

Date 

Beactiou 

itCBUlt 

Be, marks 

B.C. ■ 

Scarification * 

Ho reaction ’ 


‘l-B-41 

Ho reaction 

lininmii.) 


1)0. 

Bo. . • ■ 

Bo. ' • ' 


1-8-41 

Bo, • • • 

■Do. 


H.C. • 

Bo. ■ • • 

Bo. ' 


1-8-41 

Bo. • ' ' 

Bo. 


1)0, 

Bo. 

Bo. • 


l-S-41 

Fever • 

rarfcialiy iiii- 

nuiBO 

ilceov e-red 

1)0. 

Subcutaneous' 

Fever * 


1-8-11 

Miicl fever 

.1)0. 

Do. 

1)0. 

Scarification • 

Ho reaction • 


7-1U-41 

Ho roaetioii ' 

.IriuhuiKi 


Bo. 

Do. • 

Dliia lever 


7-lU-Jl 

,Do. 

:do. 



B.C. • 

Do. • 

Fever Blth and 14th 
clii.v, liitrtial loss td 
apjietite 

B.S.—Heg. 

7-iO-Jl 

Bo. ' ■ 

.Do. 



Do. 

Do. ' • 

Ho reaction ' 


7-10-41 

Mild fever ■ 

I’aitidllv ii 
iniirni 


Ib'eosered 

H. C, 7S) . 

Do. . . 

Do. 


7-10-41 

11. rever, diarrhoea, 
Jo‘ s ol appi ( lie 

Suaeejilible 


.l.)o. 

B.C* • 

Sulicutaneous ■ 

Fever, luirtial loss of 
appevite 


7-10-41 

Ho reaction • 

Inumnic 


Bo. 

Scai'ili cation • 

Ho reaotioii ' 


.12-1-12 

Bo. ' 

Do. 


Bo. 

Do, • 

Do. • 


12-1-J2 

Bo. ■ 

Bo. 


Do. 

Do. • 

Do, • 


12-1-42 

Bo, ' 

Bo. 


Bo. 

Do. ■ 

Du. • 


12-1-42 

anid fever 

Fartially iui- 
nnme 

.Recovered 

H.O. • 

Do. * 

Do. • 


12-1-12 

Moieaetkm ' 

Immune 


Bo. 

Snbontancoii.s' 

AOM fever ' f 



Do. 

J.)0. 


B.C. • ’ 

Soariflcation ■ , • 

Ho reaction ' 



Do. • • ' 

Do. 


H.C. • • 

Do. • 

Do. ■ 


"”'2'.Mrni 

Do. ■ 

Do. 


Bo. ' 

.Do.'- ' 

Do. ' 


'’”2':-'l”l'd 

Do. ' 

Do. 


n.o. 102 • 

Do. • ■ • 

Do. • 


~72-T'!2~ 

fever 101 li d.i,\ 

Do. 

.B.y.—i;. Hvj 

11. B. 

Do. ' 

n. fever, diaiThoen, 
lrw.s of appetite 



.Vureaelioii - 

Do. 


n.e. • 

Subc'.utiuicoiiK' 

Jlild I'l-Yfi' 


22-1 -'12 

Do,' ' ' 

Do. 


.ri.e. 104 ~ 

1)0. • • 

l<'r\fl' • 


22-4-42 

Fever lOtii day - , 

•Do. 


!;B,s.--ii. BU). 

n.c. • 

Scurifloution - 

No reaction ' 

Died froiii cans 

es otlifc than rinderijest on 29-7-41 




B.C. • 

:i.Kl. . . . : 

Fevi-r, partial loss 
ol':ip]>etiU; 

Died fi'Qiu cans 

cs othei' tlian I'imlerjiest on 0-5-41 




n.ii. • i 

Do. ' 

Delayed i’eN er, iliarr- 
iioea, los.s of appe- 
tite 

Died of rinileri)cst on 20-4-41 

II.B. 152 • 

Do. ' ' 

l’f.\'er Srtl daj' only 

DM on 29-4-41 

n.n. 411) ■ 

Do. ' ' - ; 

Mild fever • 

DM on 20-4-.1 1 


Imiuiiniiy (ohIh 


li.S . lj(ood Mncar 11. ii. •-•iiillbull 


Abbrovialioni^ ; — 

rbl3.ig. = ?Mteirt 6igtmi5ja J? eg. = nfpntire ILC. = HeiTcr rail Jl.e. - inili fair 

H. fever = Sigh fever 

Rmciions (lable 1). Of tho 20 calves inocii- showed only a inildtherinai reactinn. 1’hf-" reactions 
latcd by scarification, 17 manifested no reaction, of these 20 calves arc consolidated in a eomoosite 
local <)r general, _ dinhigM-ho two weeks period of chart (Fig. 1). Thii live calves inoculabal sub- 
onservation, while the remaiuing three oalvos cntaneoiisly showed a moderate thci'mal veacition 


TuFAIL x\hMED )SjDDlQi 


iunuixT i,n'a,k>d hy sriirilit'a.iion 


i'c-r data, ux'i’c i{d<(‘U ut 

raii'K'iti iVdin .-ui old !'('(><»(■(} (d‘ KuljcutajiDon.sly — 
juiinialri'"'' o!' suilii}>i(‘ and lu'rnd, 
and )'aa>-l iona »a'i!a()li<!a- nd iulo aiiolJa'T coniposito 
fliarl (s'’!,'-:;. ~). An <\a!ninalL<Hi of Mu'S(> tuaj 
(’(MntN'sil.v chai'ts \V'ili (‘inddn a jiidii’nini'id l.o ho 
ua'Uicd u.r tho (•o{n|)arativ'o suscopUhilil.y of tiiia 
hrof'd to tho ivvo foiana of iiioouialioji. 





:j. i. Ootapn .tia ihermel reantaon of tho 20 (.ailoes 
iuii)uiiu7.oi.i by the searilication mothoil nmiier 
llie oxperiaionL' 



L of Mio 20 calves 
■uiia method in 1037 


'‘'Tliost) fviiimals \\’«!ro f 
inimoniva'd aa a routine 
\ivun suixaitaueoiisiy in 
])i'e\\’ ol' vaeciiif', and in n 
nizatiou iiiHliory oC parent 
^reatoci by Rcarificntioii i 


111 urnonust a Ivatcli of aniiuala 
iraelien M'itli l.lio yoat-Bploon" 
037, wit.il one and tho sairic. 
»(' ayo, breed and iititmi- 

identi(;al with tho animals 
experiment. 


Of the four hill bulls, one rea(dud ;.t!id reeuvfa'o d 
a second reacted auil died, wjiije the reuiiduiiig lavo 
(Nos. 1.52 aud dlh) bcJiaved iiTegulariy, dying 
Avitliout a charatdjeristic r('iud.ioii on the. 22n<l and 
2drd day. As no liill bulls aao'i' inoculated siib- 
ctifcaiieoiisly, it wtis nut. possibh' to .tuake a-uy cajna 
pa.rison ol inctivods, but iu a typical syiidronns 
tliis is iiot what one would t‘xpcct to liiid in this 
liiglily susceptible breed. 

It w-as also observed tiiat tlie therinai respoirso in 
tlie animals reacting to the scarification route "was 
tlela.yed, coiiimenoing on the fifth or the sixth da.y 
after inoculation. 

Immunity tests ('fahie I). Tlie ani.ma].s of tlio 
sca.ri(i<‘al.ion and snhcula.ucous gixaips w('re divided 
into four similar lots, for immuuit.y U'st every three 
nuudhs, 'I'uo heah-liy hill bulls were also included 
to sf'r\<' as virus controls at. (‘aeh k'st. All wej'o 
iiijeel.ed sulaailaiK'unsly with 5 e,e. of viru]('nl. 
hill bull blood, and in addition, the auiuiais under 
test were allowed to nii.\ freely vvith (he reacting 
e« nil ini;-!, .so that 11 k\\ veri' exj)o.sc<l to all [>u.s,si})le 
outside chanees oi' iufeetion. 

Of liie scarilicatiou group eonsisting of 111 
animal, s whhh remained for test there was cvideiiee 
of sti-oiig ijujiiunity iu 15 (iypluding tJic remaining 
lull bull), jiarlial iinniunity in three and in one 
(IL 0. 71)) apparently no pruioetiou. Among tho 
subcutaui'ous lot of five calves, immunity was 
stj'cmg ill foiu‘, and part.ial in one. One calf 
(!!.('. i02) ijf the searifii-atioji group ajid one 
(IL (!. Itll) of the subeutaiu'ous group, though imm- 
une to riuder[K“st , shoved resuseiiatiou of blood 
prot'O/.o.i during the test. In no ease, however, 
wa.B it ne‘-('ssa ry, Other during iniinniiization or 
t(‘st, to control the rea.etiMn by sernm. 'LIu' eight 
bill bulls .serving as test-virus eoniruls reacted 
typhadly and died, 

j>.lSG'USH,lON' 

It i; evideiil that iu most of the calves there 
wt i-e no react iou;-. lollowiug iiinnunizatioji by scari- 
lic.iliou. til a. few, liowevci', tlmix' wa.s a mikl 
tls'i'niid rc.sjioiise. It, is ah'.o I'vident., that in .spite 
oi the abseuee or luiiduess of the reactions, tln^ 
imiounity coufei'!'<‘d hy this indhod could he fu.vou- 
rahly compared willithai ohiaiiieil hy Hie subeui.a- 
jieous medliod. Oiu' I'c.siilts iji n'sjKsI. of reactions 
are apparent.!'^ in agreement with those of Tidt 
[11)21] in t.h<‘ <avse of a. potent mixed typJioid 
vaccine. 'I'his vvorkis’ imtnuni/asl ov(“r lOO indi- 
vidua.ls with sjmill dost'.s of this 'I'acciiH' intracu- 
taneousiy, obtaining results which was'c usually 
better tiian t.bose got with iargm- doses by oth<‘r 
!’(.iu1.«‘s and without giau'i'td rc'actions. Ah.senec 
of rea.ci.ion oi* it.s delayed ap])('arauci‘ and mildiK'ss 
itiay be attributed to tlie smallne.ss ol' Mk* dose ol' 
inoculum absorbed, to it.s local tixatiou, or to 
Blow rate of its absorption. From a practical 



I'Uiitbii ihl'Zfflion (Ujuinxl iiiiulci 
«{a.iKJp()jiil, a1)s(‘iK‘e of ivcoj^nizahh local or 
jif'iicra! react icjii diu'ijig inimrmizatioii may be 
regarded in one sen.se a.s a, dLsadva.Td.agc. To 
prove tlia.t. a.bsene(' of Tvaet.ion in va.(a-ina.Le(l 
animals does Jiol necessarily indicate failure to 
induce immunity, it would b(‘ necessai'v to vacci- 
nal(' a)Td lest a eonsidt'vabh' inmd)er of animals. 
(Further expc'i’imeids on jui extensive .scale aio 
pi progi’c.s.s), »Sf)mo a.tlempt lowai'ds tliLs end 
pi the. ca.se of rinder[)est. Is ])j'ovtdc-d by tiio 
experiments recoi'ded in Ibis (Taper. 

The results in the ea.se of hill bulls indicate tliat 
by t.he present technique ilu! method (‘annot lie 
used .safely in this breed, owing to tlieii- vej’v 
high susceptibility. 

Hall [1934 1 found that the minimal amoniit o^ 
w'hole blood that could .set ii|t a (delayed) 
reaction in animals susc(>])i.ihlf‘ to rindejpest vvjis 
0'0002c.c. It would b(' impossible P* nn'asurc the 
amount of antigen absorbed J'roni tJie .scarified 
.site, hut' considering tin' eoiicenl rated iiatni'o of 
the vaeeine-pii!}> implantetl and llu' minnl.ene.ss 
of the dose of virus re({uired to inb'td. an a.njma.l, 
it may be presumed that the aniomit absorbed 
would exceed this limit. 

Some Ku,ssian anthor.s [(died by Hutyra, Jllarek 
and Mauningcr, 193K] were inclined to bclu'voT (,]iat 
the natiirai-infectinn oecuried as two distiiu-t 
types, viz;,, exantlu'uiaious and noii-exanthema- 
tou.s. Should t.hi.s clifferejiei' of virus tyi»<' Ix' 
establislied, it may he j)o,s,sible to adaj)t tlie ('xaii- 
thematou.s .stj-aiii to growtli iii rlermis. In this 
ease the n.se of such a virus, (utln’r alum' oi* with 
the addition of a suitable ti.ssue dopr<‘s.s;uit, might 
cause the antigen to be iixed, n'sidting iii local 
pustule formation and so rejidorhig tJic host im- 
mune to botli vii'ns types. 

It may lie admitted that, jufecifvc' agc'iils lik(‘ 
those, of anthrax and smallqxTX, where vaccina- 
tion through intraeutai icons route' has givi'U en- 
couraging results, may lia\e had a sjTccial iiredi- 
Icction for the skin. On llic otlier hand, wdtli 
infections like typhoid wiiieli arc not known to 
possess any marked predilection, (‘cpudly i'avour- 
ablc ro.sults were obtained by Tuft |J891J. Tliis 
linding in the case of rinderpc.st, U'hicli some be- 
lieve to have a predilection lor the epithelial 
tissue, s and also in a projiortion of ea.ses for the 
skin, should apply with a gi’catcr dc'gree of eer- 
tainty where the antigen emjTlo.yed is a living 
virus capable of ])rolitV'i'ation. It may also Ito 
added, a.s a fact of enmmon knowlcdgx', that local 
irritation of sldii sites fa\'ours the jirolifei-ation of 
virus implanted thereon. 

The simplicity t)f the o|)eration, the c'on.sidcrahly 
smaller amount of apparatus and attendants 
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nei'dod, the east' with wdiieli the nu'thod can be 
ado|)ted, ]>artieuiarly during expeditions and war 
conditions, and th(T possil)ility of il.s being more 
readily aceejilabk' to Indian .stoi-kownor.s, owing 
t'O its t*lo,s(! re.sembla.ncc’ to snuill-pox vaet'inai.ion, 
with which they havi* bec'u familiar for <leeade.s, 
would appiair to be facts of importance. 

Hummaey 

The pOiSiubility and manner of applying goat- 
ada,pted riiidei’pest virus by scarification is re- 
ported. Result.s obtained by the two routes of 
inoculation, xdz., scarification and subcutaneous, 
are compared. The simplicity of the operation 
and other advantages accruing to the scarification 
metJiod ai-e pointed out. 

The chief point.s brouglit out by tlie experiment 
ai-e ; 

1. 'I'lie case of iMTlbrining the searilieat.ion me- 
thod and (he .smalh'r amount, of apiTaratus and 
attendant.s re(juire<l a.re eiTUNuh'mi to he, its 
chief advantage over the subeutaneoiiM method. 

"2. flesuits indicate that in most e,;i,ses reaetion.s 
following inimunization by scarification are slight 
or absent. 

3. Out of 19 aiiinials tested at int(?rval.s up to 
a y«‘ar, imumnity was strong in 15, partial ill three, 
and apctaixait ly absent in one. Of the five animals 
imniniuzed .subcutaneously, imnmnity was strong 
in four tnnl (lartial in one. 

1. .'Vb,s<‘iie<! of reaction in the scarification 
nu'tliod apjTcared to be without eflect on the re- 
sulting immunity. 

5. Tlu' scaritication method liy it.s present 
t.celmi{(ui! cannot be safely employed in hill 
cattle of Kumaiini brcT'd. 
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POSSIBILITIES OP ADDING SESAME OIL TO HYDr>.OGENATED PAT 
OR VANASPATI, TO DISTINGUISH IT FROM GHEE 

By Zal R. Kotha valla, No.shir N. Dastitr anclK. G. Bhide, 

Imperial Daify Research Institute, Bangalore 
(Received for pnbliciition on .14 August., li>48) 


Several varieties of hydrogenateil veget.alile 
fats have been put on the market at present, W'hieh 
closely resembie ghee in almost all their plrysietil 
characteristics. To distinguish ghee from sucli 


however, been obi.ained so far to prove if (Iiis was 
really so atid to wluit (‘x'teiit tlio (juality of liydro- 
genated fat.s was aetually likely to be alfm-ted by 
the addition of sesana; oil in diherent ]>roportions. 


hydrogenated fats has therefore become a matter of* This and rel.ited as[)ect.s of tJie probtnn have there 


great concern with the consumer. The problem is 
analogous to the problem of butter margarine 
in Western coimti'ies. I'o facilitate the detection 
of adulteration of butter with margarine, it. has 
been made conpmlsory in Austria, Bi'lgium, Ihai- 
mark, Finland, Germany. Rortugal, BwiaUm and 
Switzerland to add o to 10 per eiait of si'sanu' oil to 
the latter. By this means margarine is easily <lis- 
tinguished .from hnttei- ])y the well-known Bouda- 
nin or Villavecchia test. Tliis investigation was 
therefore undertaken to explore tlu' ]>ossil)iljties of 
adding sesame oil to hyilrogenaied fats to faeililale 
their detection v'hen mixed witli gjie<‘. 

In the past whenever this subject received alt.en- 
tion irom the anthorith's conc(‘rn('(l, obji'ctioiis 
were raised to the adojdion of such a, ])r(‘caii- 
tionery measure by tlie mauuract.iirers of 
hydrogenated fats on the ground that, as sesame 
oil had a relatively high iodine value, it was lik<“l\' 
to lower theii* keeping quality. No data had. 


fore been carcdully (leLermha'd by this investigation. 

BxJ'ERLUE]STAL 

(I) Effect, of uddimj oil on the keepini) 

quality of hydroqcnaled fatf^. Two diffenuit. com- 
mercial brands of !iydrog('nat('d fats, oiu' niiulc 
iVoriv groiuKinid. oil (P>rand A) and tlu' otlnu' ti'om 
coi.ton.-.ecd oil (Brutal B) wei‘(‘ used for tliese 
nI. tidies. iSesame oil, afl.(!i' ]»eing fVt'cd from any free 
acids and siispmided mattt'r, was mix<*d witli tlu'se 
samplff.', ill Mai proporMons of o. 10, 15 and 20 per 
cent, d’he samp!<\s were k('j)t. in glass bothies and 
('xja»sed to (.rdlused liglit. A samjile of (‘aeli of thi' 
two original brands was also ke]>t under identical 
eondiMons as control. 'Tlie kcejiing ijuality was 
measured in terms of ])eroxide valiu' at intervals by 
the method desi'ilbed by Dastur and Lea |1040j. 
M'he results obtained an* given in Tidies I and 11. 
Tlu* pi'nivich* values iin* expressed in t.erms of 
.A’/500 sodium thiosulphate. 


Table I 

Peroxide values of hydrogenated fat Brand /I [ml. of 'N/oOO thiosulphate) 


Weeks 

Original 

TV 

V i IT 

XIl 

xvn: 

XX. 

XXIV 

X.XVIII 

Hydrogenated fat 

i-;i3 

TO SO 

0 • 9:5 

14 -OO 

1 4- 92 

19-95 

25 -so 

81-97 

5 per cent S. oil 

1 • 00 

4 -.80 

ri-s7 

I 10 -.‘is 

17-71 

22-92 

2S-.‘M 

35-08 

10 „ „ 

2 -72 

5- It 

lH-04 

IS- 04 

19- OS 

24 -SO 

:50-80 

37-69 

it) „ „ „ 

2- 80 

r, ■ .80 

14' .80 

19-77 

2 2 -.8 .‘5 

2S-8G 

;{5-27 

41-87 

20 „ „ 

2 -94 

0'44 

10-00 

22-S2 

2.0-04 

91 -53 

;{9 - 70 

1 

! 47 • 82 

1 


Peroxide values of hydrogenaled fat Brand B (ml. of 'N/dOO thiosulphnle) 


Hydrogenated fat 
5 per cent S. oil 


XXIV XXVTTT 
17 -S" 


164 
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2. FjJJcct udil'hui .'iesatric oil nii the miditij develop- 
ment and iodine value of hydrogenated fat. 
Tli<‘ arid and iiKliue values of the samples were 
det.ermined ai intervals and arosliowri in Tables 
III and IV. 

Table III ", 


Iodine valve-'^ of the mixtures of sesame oil and 
hydrogenated fats 


Description 
oftlie saiaple 

0 p(5r j 
cent 

1 ficsame 
oil 

5per 
cent 
. sesame 
oil j 

10 per 
cent 
sesame 
oil 

l,5])er 

cent 

sesame 

oil 

20 per 
cent 
sesame 
oil 

JJrandAjnt 
Original reariiiif: 

()!.!■ 90" 

oriT.fi 

67-24 

C9-S.3 

71-10 

1 moutlis 

(i:i-97 

65-0:J 

07 - 19 

CO- 52 

70-54 

Bmnil .li jni 






Original xoadiiiR 

0L-;{7 ! 

fil-i)4 

60 -71 

or. -.5,5 

07-0.i 

7 inontlis 

CO -51 1 

fil-72 

l),-!-S2 

05-05 

1 

fifi-Si 


^ff^^I o/ feeding sesame cake on the 
e.omi}ositiGn of seereted imtterfat. It is 
well known that, if oilcakes are fed in ]ar.i>'<‘ 
quantities to inihb animaJs, the butterfat. scaa-et.ed 
by the animals takes up some of the elianuderisties 
of the oils. Ko data are, ho^?ever, available on t he 
effect of feeding .sesame cakes to entile a)id the res- 
})onse of the seereted milk fat to ilic Bondanin ov 
Villaveecliia reaction. If animals fed on sesanu^ 
cake secrete fat that gave a positivt^ i est lor sesame 
oil the utility of addirig sesame oil to liyflrogcnalecl 
fats would be considerably diminishfd. ^fo aseer- 
taiii this point, feeding trials were otwried out with 
two cows and two buffaloes. The animals were fed 
sesame cake varying from 2 lb. to 10 lb. per head, 
per day, over a period often weeks. Tlu^ bui i ev fat 
W'as collected from individual aniinals twice a week 
and tested for t^lie Reichcit-Mcissci value, iodine 
value, refractive index and ViUaveechia ie.st. 


The last-Diuned j'<'a(iion v. as <-aii‘i('d onl 1)_\ tli<‘ 
method given by th<' A. U. A. < \ 1 lObM- 
used for thest‘ tests was evi rad ef! at low t (angf'i's- 
ture by (aaiti-ifiiging i h.c biittca' ligated to tl. 
At no time was it possiijL- to g(i ('v<‘o a larca indi- 
cation of the gresenee of s('sami' oil by ils‘ Vila- 
veeclila reaetion tiij'ounlioni. the o^sjrs-inieidal 
period. Dining ibis period the ih-itlKa'i -.Mtissoi 
value, iodine value and. refvadive inih^x showed 
considerable ehangi'. '.rUesi* ivsnlts iliei-< t(;r(> 
shotved that tlu' ccungounds whieli give tlu' \'i!la- 
■ vecchia ri'action a.re not seerded along wlils t Im 
butterfat. 

Di8(!rssiO]sr 

From the results of geroxide values givcai ii! 
Tables 1 and 1!, it ean b(‘ sia-u t hat , aftei an indne- 
t.ioii piaital of ;d>on(. four vweks, (he pei'oxidi' values 
of all the samples inenauani at an aceideraii'd rati*. 
Th(' rt'siilts for the, experinieidal peia'od of seven 
months showed that the addition of sesame oil did 
low'er (he ke<*[>ing (inalits ol' b_> d.iowenati'd (at. to 
.^'Ome 1 ‘xti'id, after a, (.ime. Wiien o-N) pea- eiad, of 
s(‘sani(' i)il was used, ibei'e was an iii<a‘e;i-<- in 
peixtxide vaku' aliove t h(' eoutrol sanipi(‘.s. to Iho 
extent oi’ about 2d per eeni . It must-, UovV(‘ve»‘, Pe 
added that eoiisUieiing l!ie IVui.s that iite fats 
wliieh were diailt witji vert' fd‘ \<’getaf)ie (tiigin 
and that for these expi'riinehls the samples weie 
stored in gla.ss eoulainei';.,. tin' ditVeecnee in their 
]»eroxid(* values eannot Ik- eonsidered to be objee- 
tionable or exee.',siv(‘ for ;il! praetieal piir]!uscs from 
ibe yioint of view of the It-ade. With higher laao 
eenti-atioiis of sesame oil Iban those st.udied, tju^ 
increase in the peroxide \ .dne was wa v marked. 

There was hardly any dliirerenee in the iodine 
and a.cid value, s of eontiv)! li\di'Oi.e‘oated fai 
sanqde.s and Ihoee eontainine ,s(-;-ani<‘ oil tesled 
after kei'jiing (Vtv seven montlis (Tahh-.s III and. IV)- 


Table IV 

Acul vahie. {per cent oleic) of hydrogenated fat and sesame oil mixlares 


Date 

Fat 

A. ■, 

j .Sesame oil 



Sesi'-ime oi! 


5 per 
cent 

10 per 
cent 

L5 pel 
c-ent 

20 jier 
i-ont. 

Fat 

B 

i) pr‘v 
X'O.n {■> 

10 per 
eciit 

{ ■) per 
cent 

20p,n- 

Original , , . 

0-09 

0-07 

0-07 

0-07 

0-07 

0 • 08 

0-07 

0 • 07 

[ 0-07 

(»• 07 

After 2 month, s . 

0-09 

0-09 

0-00 

0-09 

0-09 

0 - to 

0- 1 1 

0 ■ 1 0 

0- 11 

0 • 07 

„ A months . . . 

0-11 

O-ll 

0-12 

0-11 

0-11 

0-12 

0-11 

O-Il 

0 ■ 1 1 

0-13 

. „ ,7 months , , 

O-LS 

1 0-1.^. 

O-IS 

0-13 



0. 13 

0-13 

0-13 

0- 13 

0-13 

r)-i3 
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} On keeping fats containing sesame oil, the inten- 
sity of Villavecchia reaction tended to diminish. 
In spite of this, it was possible to detect the presence 
of sesame oil in ghee adulterated with 1 per cent 
of hydrogenated fats containing 5 per cent sesame 
oil and stored for seven months. Hence this 
decrease in colour-giving property of hydrogenated 
fats containing sesame cannot be a disadvantage. 

Butterfat obtained by feeding excessive amounts 
of sesame cake (average crude fat— 14 per cent) 

' did not give the Villavecchia reaction, though 
there was a considerable alteration in other chemi- 
cal characteristics of such butterfat. Hence a 
positive test for sesame oil in ghee can safely be 
relied upon to indicate the presence of hydroge- 
nated fats containing sesame oil. 

It is very likely that different samples of sesame 
oil would give varying colour intensity in the Villa- 
vecchia reaction. Also, if sesame oil, previous to 
its being added to vanaspati, is heated to high 
temperatures (above 225° C.), it may loose the pro- 
perty of giving a positive Villavecchia test. Fur- 
ther, by filtering sesame oil through different 
absorbing media, like charcoal, Kiesulguhr etc., 
similar effects may be produced [cf. Gravendort, 
1924]. To overcome these defects, if the idea of 
adding sesame oil to hydrogenated fats is ever put 
into practice, the best recourse would he to specify 
that when ten grams of fat are tested by the stand- 


ard Villavecchia test, a colour intensity of say at 
least 16 red units should be produced. 

This would require an addition of only 5-7 per 
cent of sesame oil to hydrogenated fats ; and under 
these circumstances, as shown before, the keeping 
quality, flavour, etc. of these products would 
. hardly be affected. Addition of 1 per cent of such 
fats to ghee can be detected without any difficulty 
with improved Villavecchia reaction [Dastur, et al„ 
1943] and hence adulteration of ghee with this 
medium would hardly be worth attempting. 

SUMMABY 

1 . Addition of 5-10 per cent of sesame oil to 
hydrogenated fats does not have any appreciable 
adverse effect on the keeping quality of the fat. 

2. Addition of 1 per cent of hydrogenated fats, 
containing sesame oil in such amounts, to ghee is 
easily detected with the help of improved Villa- 
vecchia reaction. 

3. Butterfat secreted by cows and buffaloes fed 
excessive amounts of sesame cake does not give the 
characteristic colour reaction for sesame oil. 
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SOME OBSERVATIONS ON AMOEBOTAENIA SPHENOIDES FROM 

POULTRY 

By S. H. Queashi, Assistant Disease (Poultry) Investigation Officer, United Provinces 
(Received for publication on 13 July, 1943) 


Amoebotaenia SPHENOIDES has been reported as 
a very common parasite of fowls. Southwell 
[192i, 1930] and Meggitt [1926, 1931] have 
described this species in detail. Recently, the 
writer collected a large number of these para- 
sites during post-mortem examinations of fowls, 
and it has been possible to obtain quite a fair 
number of complete worms. The observations 
made on these specimens reveal some new 
facts. 

Southwell [1930] mentions that the maxi- 
mum length of specimens of this species is 
'J' 2 mm. Bhalerao [1935] mentions the length 
of this species as 2-4 mm. Usually, the length 
of the specimens of this species is more than 
2 mm., but, as some of the mature segments 
fall off, the remaining worm shows a smaller 
length. This is also the case with the smaller 
hnm.ature worms. A greater variation is seen 


in the number of segments. While Southwell 
[1930] mentions that the number of segments 
varies from 13 to 24, Bhalerao [1935] gives the 
maximum number as 24. It, therefore, appears ^ 
that the specimen collected, heretofore, did 
not show more than 24 j^roglottides. The 
collection made by the writer shows that most 
of the worms have a greater number of seg- 
ments than '24. In fact, the number varies 
from 24 to 30. 

The account, Iiitherto given, seems to have 
been based on the length of incomplete worms. 

There is also a good deal of variation in the 
number of testes, which have been mentioned 
as 12 or more. This also does not seem to be 
a fixed number. In fact, in the specimens, 
which are longer than 2 mm. and in which the 
number of segments is also more than. 24, the 
number of teates is about 9-10. The larger 
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number of tesLes (12) reporfed has not been 
seen in one single specimen obtained by 

the writer. ^ 

The differences noted above, although lairly 
important, do not, however, justify the creation 
of a new species and may prove to be indivi- 
dual variations. In view of these observations, 
it may be considered advisable for the present 
to amend the specific diagnosis of Amoehotae- 
nia S’pJienoides as follows: 

Spcivfic diagnosis of Amoebotaenia sphenoides 
Bailliet 1892 emended 

Diagnosis. Amoebotaenia with a length up. 
to 4 mm.; number of proglottides up. to 30. 
Testes less than 12 or 12, running along the, 
posterior margin of the proglottides. Uterus 
persistent, lobed posteriorly. Cirrus armed with 
minute spines. 

Host — ^FowL 


m Dogs ill India 

Loca.tion-— Intestine. 

Locality — United Provinces (Lucknow, Kas- 
gunj and Shikohabad). 
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TMIGHUmS VULPIS IN BOGS IN INDIA 

By E'. N. Mohak, Veterinary Investigation Officer, Bengal, and A. Mttkeeji, Laboratory Assistant, 
Bengal Veterinary College, Belgaobia, Calcutta 

(Received for publication on 20 March, 1044) 

Ik spite of the fact that parasites belonging to the diarrhoea, occasionally tinged with blood and mu- 
genus Trichuris are so common and widespread in cus, resulting in considerable loss of condition and 
man and ruminants in India, there h.as been no rapid emaciation, 

record of their occurrence in dogs in this country, The pup was found on examination to be in a 
except in the recent publication of Sriva.stava [1942] very poor condition. Temperature records reveal- 
More during the examination of material from, ed only a moderate rise above the normal. The 
dogs at Mulcteswar and elsewhere, he says that he faeces continued to be loose, 
came across half a dozen cases of whipworm infes- Distinct anaemic changes were noticed in blood 
tation. He observes that the infestation is fairly films. Microscopical examination of the .faeces, 
widespread in this country in view of the fact that after floatation with saturated sugar solution, 
the material examined by him came from different repeatedly revealed worm eggs of two different 
and distant localities, vSiich as Bombay, Jind types in fairly large numbers. They were identifi- 
State, Bhimtal and Behra Dun, ed as (i) Ancylostorrm eggs and {ii) Trichuris eggs, 

Below are given some details of a case observed the latter predominating, 
by the writers. ' A course of general tonic was administered and, 

after the results of the faecal examination were 
HistoEy known, a small dose of tetrachlorethylene was also 

On 21st April 1943, a three months old cocker S'™";,. Jhiss however, proved of no avail, and the 
spaniel, ordered by an American mflitary officer, PP “ fortnight after admission to 

was admitted into the Dog Hospital of the Bengal 

Veterinary College for treatment. According to Post-Mortem findings 

the history supplied by the owner, the pup was When examined after death the internal organs 
born and reared in Temessee State of the U. S. A. did not show any significant abnormality beyond 
and was brought to Calcutta at the age of two the pale and comparatively bloodless condition 
months, m apparently^ good health. Prom about generally obtaining in anaemic and debilitated 
a week 6-fter its arrival in Calcutta, ^ the pup animals. Prom the caecum and imrtly from the 
remained in A^am. Shortly after its return large colon, 14,3 whipworms and two dead liook- 
to Calcutta, it became ill, had low fever with worms were collec<t^^. Of the 143 whipworms, 6.1 


On 21st April 1943, a three months old cocker 
spaniel, ordered by an American military officer, 
was admitted into the Dog Hospital of the Bengal 
Veterinary College for treatment. According to 
the history supplied by the owner, the pup was 
born and reared in Tennessee State of the U. S. A. 
and was brought to Calcutta at the age of two 
months, in apparently good health. Prom about 
a week after its arrival in Calcutta, the pup 
remained in Assam. Shortly after its return 
to Calcutta, it became ill, had low fever with 
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turned out to be males and the remainder were 
females. A search for lesions in. the mucosa of the 
caecum did not reveal any well-pronounced or clear- 
cut lesions, except a few scattered petechiae and at 
places an ill-defined and superficial erosion, but it 
was found to be coated with a fair amount of 
mucus a/ud gave an impression of being some- 
what thicker than normal- 

Discussion 

As stated above, Srivastava considered that T- 
valpis infestation was widespread in India from the 
fact that the material examined by him came from 
about tlnee different and distant localities. The 
experience of the present writers who have examin- 
ed several hundreds of faecal specimens from dogs 
in Calcutta and have conducted post-mortem exa- 
mination on a large number of dog carcases, and 
those of other workers who have from time to time 
reported on the parasitic fauna of Indian dogs, 
has been against such an assumption. It may be 
recalled that the pup reported upon in this paper 
- was an imported dog, and it is evident from the 
■ available history that the infestation took place 


16? 

before the piip arrived in India. Unfortunately, 
Srivastava does not state whether the dogs were 
imported or indigenous. It seems very likely 
that his material also originated from imported 
dogs. It does seem surprising that TricImriB 
viilpis has not yet become an established parasite 
of the indigenous dog, in spite of the fact that for 
many years largo numbers of dogs have been im- 
ported into the country from different parts of the 
world, including those places where Triehuria 
vwlpw is known to occur. 
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that eggs of T. mlpis in dog faeces have been noticed by 
other workers before Srivastava. Kuppuswamy (An. 
Rep. V. I. O., Orissa, 1940-41 and 1942-43) found thein in 
three dogs, but in this case also the details concerning 
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experiment was started in 1931-32 with a 
foundation stock of 36 Barbari does, nine female 
kids and three bucks. Six more does and one buck 
were purchased sometime later during the year 
j 1936-37 , thus bringing the total number of purchas- 
ed goats to 61 . The three original purchased bucks 
were given the registered numbers 48M, 49M and 
60M, and the fourth buck purchased later was 
numbered 631M. The number of female kids 
obtained from the foundation stock from each of 
these bucks and which completed at least one lacta- 
tion on the farm is given in Table I. Four more 
Table I 


Buckwm distribution of daughters of the first progeny 


Buck No. 

(1) 

Total number of 
daughters from 
these 
(2) 

Number of daugh- 
ters completing at 
least one lactation 

(3) 

48M 

26 

14 

49M 

16 

8 

SOM 

3 

1 

; Total . ' 

45 

23 


d^bglders kept on the fiirm. have not been entered 
'‘"in this table as their mothers were bred unnoticed. 


Some of the foundation stock was also mated to the 
male progeny of 48M and 49M. The numbers of 
daughters obtained from these are given in Table 
II. In all, there were 34 daughters obtained from 
19 mothers of the foundation stock. For conve- 
nience, we shall hereafter call them the first 
progeny. 

Table II 

Buckwise distfib%dio% of daughters of the first Progeny 


Buck No. 

(1) 

Total number of 
daughters from 
these 
(2) 

Number of daugh- 
ters completing at 
least one lactation 
(3) 

144M . 

6 

3 

152M , . i 

6 

2 

633M . , 1 


2 

Total 

12 

7 

Unknown 

? 

4 ' ' 


Out of the daughters born to the first progeny 
from stud-bucks on the farm 29 completed one or 
more lactations. These 29 are called the second 
progeny. The buckwise origin of this progeny ip 
given in Table III. The third progeny which cam« 
in milk before March 1941 numbered 


^ 1 
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iO only. Tlieir sires are given in Table IV. There 
are also two daughters of the foui-th progeny which 
canie in milk before March 1941 but their sires are 
unknown and no use is made of their records in 
this report. 

Table III 


B’liclcwiu disirihuiion of daughters of the second 
progeny 


Buck No. 

(1) 

Total ntunber of 
daughters from 
these 
(2) 

Number of daugh- 
ters completing at ' 
least one lactation 
(3) 

48M . 

4 

2 

49M . 

9 

2 

SOM . 

7 

4 

144M . 

10 

1 

162M . 

26 

8 

63 IM , 

1 

1 

633M . 

16 

6 

Total . 

71 

24 

Unknown 


5 


Table IV 

Buchwise distribution of daughters of the third 


Table V 


Performances of dams involved in the' pedigrees of 
stud-bucks 



milk 

Average 

Number 

Averag e 


yield 

milk 

of days 

yield 

Date of 

during 

yield 

in milk 

during 

kidding 

lactation 

oz. 

during 

laotation 

oz, 


kidding 

interval 

oz. 


Dam No, S3 of the foundation stock 


6-12-31 

4363 

17 

266 1 

14-4 

4-10-32 

6633 

19 

296 

13-8 

22-11-33 

5376 

26 

217 

14-8 

21-11-34 

4356 

33 

133 

23-0 

29- 6-35 

1344 

24 

66 


Average 

4234-4 

22-1 

191-4 

1 

15-6 

Dutn 

No. 74 of the foundation stock 


16-12-31 

7168 

32 

226 

14-1 

7- 5-33 

4294 

20 

213 

13-4 

24- 3-34 

3142 

26 

123 i 

9-3 

27- 2-36 

2884 

41 

70 


Average 

4369-6 

27-7 

168-0 

i'2-3 


Dam No. 82 of the foundation stoak 


progeny 


.Buck No. 

(1) 

Total mmiber of 
daughters from 
these 
(2) 

Niunber of daugh- 
ters completing at 
least one lactation 
(3) 

333M . 

8 

1 

389M . 

16 

1 

631M . 

2 

2 

633M . 

13 

6 

Total 

38 

9 

Unkno-wn 

?’ ' 

1 


17-11-31 

3918 ! 

13 

309 

1- 6-33 

6044 

26 

206 

25- 1-34 

6530 

28 

196 

27-11-34 

4720 

28 

169 

10-11-35 

1776 

16 

110 

Average 

4197-6 

21-2 

197-6 


20-3-32 

19-1-33 

Average 


The farm-bred bucks used on the farm have the 
following pedigrees. Pedigrees of the original 
bucks are not known. 


>»« {}l 

fiSSM /4.8M ' 

Progeny Dam 221 LPuxcliased Dam 6« 

/49M 

U4M. <^PyrchaseaDam74: 

The performances of the dams involved in these 
pedigrees ai,‘e given in Table V. A few other bucks 
were also used on the farm during this period hut 
their daughters either died or were not in milk till 
March 1941. 


7086 

SO 

235 

6440 

29 

189 

6263-0 

29-6 

212-0 


Dam No. 221 of the firM progeny 


17-10-34 

5804 

36 

162 

7- 6-35 

4650 

36 

127 

5-11-35 

' 7660 

37 

204 

8-11-36 

6664 

36 

185 

13- 5-37 

4600 

39 

118 

8-11-37 

6906 

44 

166 

6- 6-38 

2390 

33 

72 

Average 

6496-3 

1 

37-6 

146-3 


Dam No. 297 of the first progeny 


7-4 

18-8 

18-1 

13'6 

H‘5 


Dam No. 66 of the foundation stock 


28-7 

25-0 

20-5 

35-8 

25-7 

32-9 

28-1 


10- 1-36 

1 7628 

f 35 1 

1 219 1 

19-3 

18- 2-37 

8660 i 

46 

188 

30-6 

26-11-37 

Bemained sick during lactation 
period 

6-12-38 

7484 ' 

37 

206 

26-6 

12- 9-39 

.6609 

35 

169 

23-4 

9- 6-40 

2374 

24 

97 i 

12-7 

20- 2-41 

4684 

32 

146 j 

20-2 

Average 

6066-6 

36-6 

170-7 

■22-1 
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Table VI 

Ooniparison bdween the performance of the foundation stock and their first progeny 



(1) 

Number 

of 

goats 

(2) 

Xumber 

of 

lactations 

(3) 

Total 

milk 

yield 

T4) 

Length 

of 

lactation 

days 

(5) 

Average 
milk yield 
per day of 
lactation 

oz. 

(6) 

Number 

of 

goats 

(7) 

Number 

of 

lactation 

(8) 

Length of 
kidding 
interval 
days 

(0) 

1 Average 
milk yield 
per day df 
kidding 

1 interval 
OZ; 

(W) 

Fouudation stock 

. Average . 
standard error 

19 

68 

4751-8 

198-6 

176-7 i 
8-4 

26-9 

1-8 

16 

48 

812-5 

16-9 

16-2 

1 ■ 1-5 

I'ifBt progejiy 

. Average . 
standard error 

34 

130 

5832- 5 
210-3 

176-1 

5-2 

33-1 

1-4 

30 

1 no 

291-4 

9-5 

i 20-9 

0-8 

t 




3-3** 

0-1 1 
1 

2-9** 



1-1 

3-5** 


The object of this note is to analyse the records 
maintained on the Farm with a view to find out the 
extent to which the breeding policy followed on the 
Farm during the last 10 years has resulted in the 
improvement in the milk yield of the herd. The 
appropriate method to assess the improvement 
would be to compare in successive progenies, the 
total milk yield during lactation in relation to the 
length of lactation and the length of kidding inter- 
val. In other words, we have to compare the per- 
formance for total milk yield by standardizing, as it 
were, the length of lactation and kidding interval. 
This is done by comparing the values for (1) average 
milk yield per day of lactation and (2) average millc 
yield per day of kidding interval. 

Table VI gives the set of comparisons between 
the performances of the foundation stock and the 
first progeny. Columns (2) and (7) of the table 
show the number of goats in the two generations 
whose records have been compared. Columns (3) 
and (8) give the number of lactations to winch the 
average performances shown in the other columns 
refer. Columns (-1), (5), (6), (9) and (10) give the 
average values with their standard errors of the 
total yield during lactation, the length of lactation 
in days, the average daily milk yield during lacta- 
tion, the kidding interval, and the average daily 
milk yield during the kidding interval respectively. 
It will be seen that while there is a .slight decrease 
in the length of lactation (from 176'7to 176T days) 
and the kidding interval (from 312 • 5 to 29 1 • 4 days) 
the first progeny has given a higher total milk 
yield as also a higher average daily milk yield during 
the lactation and the kidding interval. But this 
comparison without reference to the errors of the 
4 averages compared is by itself inadequate to sup- 
port the conclusion regarding the superiority of 
the first progeny over their mothers. For the 
averages which have been compared are themselves 
variaWe in the sense that different values for the 
performances would have been obtained had there 
been different numbers of goats in the two genera- 
- tions. Before we conclude that the first progeny is 
superior to their mothers, it is therefore necessary 


to satisfy ourselves that the difference observed 
between the performances of the two generations is 
larger than the possible difference arising from 
variability of the averages. This variability ofthe 
averages is measured by what is called the standard 
error and the statistical method to judge whether 
the difference observed is due to chance cause.s is 
knowi, as the t test of significance. When, the 
difference observed cannot be explained on the 
ground.s of chance, i.e., it is larger than can be 
expected on chance causes alone, the differenc<i! is 
said to be statistically significant. The values for 
the standard error have been shown below the 
respective averages and the values of t are shown in 
the last line of the table. Whenever the observed 
difference is found to be significant, the fact is 
indicated by a.sterisks against the corresponding 
values of t. 

It will be seen from the table that there is no 
significant difibrence between the length of lacta- 
tion and kidding interval of the two generations but 
that the first progeny has given a statistically 
superior performance over their dams in respect 
of all the other three characters. This may be 
due to .several factors : (1) the sires may have had 
a real transmitting ability, (2) the better feeding 
and herd management right from the birth of the 
finst larogeny in contrast with the eiwironment in 
which the dams were reared may also be partly 
responsible, (3) the existence of hybrid vigour 
which is frequently ob.served in the progeny of 
unrelated animals may also partly offer an explana- 
tion, or (4) there may have been a seasonal effect 
arising from the different climatic and disease con- 
ditions in the different years in which the dams 
and their daughters had their respective lactations. 
The better feeding and management at the farm is 
expected to have a beneficial effect on tlie perfor- 
mance of the first progeny but it i.s obviously 
impossible to isolate for study the effect of this 
factor. We have, however, gone into consideral)le 
detail in regard to factors (1) and (4). Table VII 
shows the sirewise comjjari.son of the finst progeny 
and their mothers. 
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Table VII 

Progmy Usis for bucks 48M, 49 M and 60M 




Number 

of 

goats 

Number 

of 

lactaUona 

Total 

mUk 

yield 

ozi, 

Length of 
lactation 
days 

Average 
milk yield 
per day of 
lactation 

Number 

of 

goats 

Number 

of 

lactations 

Length of 
kidding 
interval 
f days 

1 Average 
milk 
yield per 
day of 
kidding 
interval 



(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(S) 

(9) 

m) 

4.v.n 

Jj’iiundatioa AveruBe 
. Htoak Suiadard error 

11 

38 

4498-1 
302; 5 

173-6 i 
12-5 ' 


9 

24 

20-8 

17-5 

1-7 


I tot progeny Averagu 

Standard error 

14 

55 

6199- 5 
353-8 

178-2 

8-1 

34-8 

4-4 

12 

45 

286-9 ! 
■15-2 

23-2 

0-S 


t 



3-4** 

0-3 

2-8** 



0-5 


4yM 1 

Jj'aumlutioa Average 

.stock Standard error 

6 

25 

4392-7 
269- 1 

161-4 

10-3 

27-2 

3-5 

5 

18 

293-4 

20-6 

15-4 

2-4 


First progi'iiy Average 

Standard error 

8 

35 

4920- 7 
346-8 

157-0 

7-6 

31-3 

3-0 

7 

31 

268-5 1 
15-2 

18-2 

2-0 


t 



1-1 

0-3 

0-9 



1-0 

1-0 

50.\I 

Foundation Average! 

.stock 

1 

3 

5702-0 

197-3 

28-9 

1 


302-5 

22 -..S 


First progeny Average 

1 

5 

5891 ■ 2 

167-4 

35-2 

1 

4 

337-5 

17-0 



Values of f for the comp 

lai'ison uf the bucks 4S 

;M and 49M 





‘ 1 

1 1 

1 

,1-8 


1 1 


1 

1 

0.8 


It will be seen that the performance of the first 
progeny over their dams for sire 48M alone is signi- 
ficant, suggesting that this sire was a good trans- 
mitter provided the superior performance of the 
first progeny was not brought about by better con- 
ditions in the later years. The performances of the 
first progeny sired by bucks 49M and 50M were not 
significant. The significance of the difference in 
the climatic conditions can be best appreciated 
from Table VIII, showing the distribution of lacta- 
tions of the foundation stock and the first progeny 
in the different years. Each year Las been divided 
in this table according as the lactations followed 
the summer or the winter kidding. It will be seen 
from this table that in the case of foundation stock, 
the majority of the lactations were completed 
before 1934 summer while in the case of the first 
progeny the majority of the lactations were com- 
pleted during the period from 1934-38. It will 
also bo seen th.at there is relatively a larger number 
of winter kiddings in tlie first progeny than in the 
foundation stock. Hence the difference in the per- 
formance of the foundation stock and of the first 
progeny may be to a certain extent attributed to 
the difference in the tw'o periods and to the unequal 
numbers of winter and summer kiddings in 
the twm progenies. As, however, we do not loiow 
how and which of the climatic factors influence the 
milk yield, it is hardly possible to make any allow- 
ance for the seasonal effect. The best we can do is 
to compare the lactations of the two groups falling 
in common years, although even here the first pro- 
geny will have an advantage over their mothers in 
so far as it will constitute a comparison between the 


Table VIII 

Distribution of lactations 



48M: 

49M 

Dain.s 

Daugh- 
tera " 

Dams 

Daugh* 

■tera 

1931 W 

5 


. 2 

.. 

1932 S 

3 


0 


W 

3 


1 


1933 S 

5 


. 6 


W 

3 


1 


1934 S 

3 

1 

, 4 

2 

W 

3 

3 

3 

3 

193S S 

4 

■3 

2 

2 

W 

1 

9 

3 

5 

1936 S 


1 


■5 

W 

i 

0 


2 

1937 S 

1 

6 

2 

4 

W 

2 

5 


6 

1938 S 


1 


: 1 

W 


4 


,■4 

1939 S 


4 


1 . 

W 




2 

1940 S 


2 


■2 

W . 




1 

Total 

34 

44 

26 

40 ' 
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Common year lactation comparison 




No. of 
lactations 

Total 

milk 

yield 

oz. 

Average milk 
yield per day 
of lactation 

oz. 

Average milk 
yield per day 
of kidding 
interval 
oz. 

48M 

Foundation stock . 

. Average 

15 

5178*7 

34*6 

18*2 



Standard error 


721*0 

2*4 

3*0 


First progeny 

. Average 

33 

6627*8 

36*6 

20*9 



Standard error 


378* 1 

2*2 

1*5 




2*0 

1*0 

0*9 

49M 

Foundation stock . 

. Average . 

12 

4450*7 

30*9 

19*0 



Standard error 


,596*0 

7*4 

3*0 


Fir.st progeny 

. Average 

12 

4670*7 

32*1 

18*3 



Standard error 


530*1 

5 * 3 

1*8 


t 


0*3 

0*5 

0*2 


earlier lactations of the first progeny and the later 
ones of their dams. The results of these compari- 
sons are shown in Table IX, for bucks 48M and 
49M. Buck SOM does not provide sufficient 
material for such a comparison. It will be seen 
that the first progeny of sire 48M gives a signifi- 
cantly larger total milk yield per lactation. When, 
however, the total milk yield is corrected for the 
length of lactation and the kidding interval, the 
difference disappears. The progeny of sire 49M 
does not show a significant difference in any of 
these characters. Table IX-A shows the results of 
the separation of the common year lactation com- 
parison for the progeny of buck 48M into summer 
and winter kiddings. It will bo seen from the table 

Table IX-A 

Separation of the common year lactation comparison 
for the progeny of buck 48M into sunwier 
and winter seasons 


- Summer 

Foundation stock ■ 
First progeny 


t 


Winter 

Foundation stock • 
First progeny 


tions 


Total 

milk 

yield 


Average 
milk 
yield 
per day 
of lac- I 
tation 
oz. 


Length 
of 
lacta- 
tion 
da y.s 


Average 

Average 


S 

11 


32-8 120*4 

34*9 143*4 


Average 

Average 


36*0 183*0 

.37*3 199*9 




that there is no significant differtmee between the 
performance of the first progeny and of their 
mothers within a season, but all th<' three eliarac- 
ters give a significantly higher value foi* the winter 
than for the summer lactation. As the difftTonces, 
are very large, the values of t have not, btjen given. 
The preponderance of winter lactations in the 
common period in the first progiuiy ohserved in 
Table VIII thus at once partly exjilaiiis th.eir 
superiority over the foundation mothers. We 
may, therefore, conclude that while brooding may 
have had an effect, the better perfoi'inance of the 
first progeny might also to an extent he duo to^ 
better feeding and maimgemont at the farm, to 
differences in the years in which the majority of 
the lactations of the foundation stock and th,e fii’st 
progeny Avere conijileted and to the pi-cpondciance 
of winter kiddings in the first progi'.ny. 

While bucks No. 48M and 40M arc by tliemselves 
not proved it is of some interest to coinijai'O their 
relative worths as transmitters cf milk yield. 
This is done in the last I’cnv of Table Vll giving the 
values of t for the comparison (-f the transmitting 
abilities of the tw'^o bucks, irausinitting ability 
being measured by tlu; diiier<'m*e in th,e ])crfor- 
mances of the progeny and tlu'ir itmUici's. It, 
will be seen that these comparisons arc IVee from 
consideration of the order if lachiitiun, oj* sc'asonai 
effects. The table shows that none of the tlu'(*,e 
values of t is significant, thongh the value of t for 
total milk yield is high and appruasliing 5 

per cent level of signilicaiuk*. While, thcn'foro, 
there is a slight suggestion that buck 4SM is pro- 
bably superior to 49M, tlier<! is no aehnpiate 
evidence to establish his superior Ayorth., 


0*93 
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We shall now consider the results of the compa- seen that far fiinn showing an iinprovcmcnt tne 
rison of the second progeny with their mothers in results indicate significant deterioration in all the 
tlie first jjrogeny. These are given in Table X. lactations, llio inat(!rial is too^ scanty to allow 
Unlike Table Yl, where a collective comparison , examination of seasonal eftect in the way we did 
over all lactations has been made owing to lack of in Tables VIII and IX. While season may have 


inlbrmation regarding the order of lactations of the 
foundation stock, the comparison in this table is 
made for corresponding lactations. It will be 

Table X 

Gcmifansm between the performance of the second progeny and their darns 


had an effect one way or the other, the data 
leave little doubt in our mind that the l)iicks had 
little worth as transmittors of milk yield. 


' ' i 

! 


Number 

of 

goats 

Total 

milk 

yield 

oz. 

Number 
of clay.s 
in milk 

Averago 
milk 
yield per 
day 

oz. 

Number 

of 

goats 

Kidding 

interval 

Average 
milk 
yield pe r 
day of 
kidding 
interval 

First lactation 

Isfc progeny 









Averago 

18 

5306 -.2 i 

167*8 

32*2 

IS 

264*3 

20*6 


Standard error . 


423 -G 

11*9 

1*1 


23*1 

1*2 


2nd px’ogony 









Average .... 

27- 

4864*1 

176*9 

27*5 

25 

313*7 

14*8 


Standard error . 


349*7 

11*9 

0*9 


1 ^ 23*7 

1*2 


t 


()*9 

1*7 

3-2** 


1*4 

3 * 0** 

vSecond lactation . 

1st progeny 









Average 

15 , 

6658*4 

152*6 

36-4 

11 

257*1 

23*6 


Standard error 


131*4 

8*8 

1*4 


22*5 

1*3 


2nd progeny 









Average . . . • 

15 

6216*0 

192*0 

27*2 

12 

0*0 

16*7 


Standard error . 


102*5 

9*8 

1*4 


3328*7 

1*5 


t 


0*6 

3-0** 

4*8** 


1*9 

3*8** 

Third lactation . 

Isb progeny 









Average' 

7 . 

7906*3 

206*0 

38*4 





Standard error . 


1416*6 

28*2 

2*1 





2nd progeny 









Average . . . . 

7 

5617*4 

215*7 

26*0 

Sufficient data not 


Standard error . . . 


931*3 

29*6 

2 *2 

available 



t 


1*4 

0*2 

4*1** 



Table XI shows the results of the progeny tests 
for bucks Nos. 153M and 633M having more than 
five daughters. As little reliance can be placed on 
the progeny tests involving less than five compa- 
risons, these are not made. It will be seen that the 
progeny of 152M does not show a significantly 
different performance from that of their mothers 
but that the progeny of 633M suggests a significant 
deterioration. The comparison of the relative 
worths of the two sires, however, made in the last 
row of the table does not suggest that 633M was a 
distinctly inferior buck to 152M. 

The results of the comparison of the third pro- 
geny with their dams in the second progeny are 
given in Table XII, It will be seen that while 
there is some increase in the total milk yield, there 
is a significant reduction in the average milk yield 


per day of lactation and a considerable though 
non-significant reduction in the average milk yield 
per day of kidding interval. This corroborates to 
a great extent the findings of Table X. 

The comparisons so far made are those between 
the siicce.ssive progenies and their mother.s, and 
although appropriate from the view-point of test- 
ing the success of breeding i>olicy do not give us a 
complete picture of the improvement in the perfor- 
mance of the herd as a whole in successive genera- 
tions. This is done in Tables XIIIA and XIIIB, 
which give the performance over all lactations of 
the foundation stock, of the first progeny and lacta- 
tionwise performance of the first, second and third 
progenies. It will be seen that while the first pro- 
geny shows a better performance over the founda- 
tion stock, there is a steady deterioration in the per- 
formance thereafter. 
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Table XI 


Progmy tests for bucks 152 M and 633 M 


152M 


No. of 
goats 

Total 
milk yield 

o^. 

No, of 
days in 
milk 

Average 

milk 

yield per 
day 

OK. 

No. of 
goats 

Kidding 

interval 

Average 
milk yield 
per day 
of kid- 
ding 
interval 
■02.-..,- 

l8t progeny 

Av&mge . 

Standard error , - 
2nd progeny 

Average . 

Standard error . 

s 

6200-8 

991-1 

4560-0 

541-0 

165-0 

29-7 

165-8 

15-0 

31-5 

1-8 

29-3 

0-7 


299-4 

63-2 

268-3 

36-5 

17-4 

1-4 

15-2 
: 1-2 




0-6 

0.-3 

1-1 


0-4 

, 1-1 

633M 

1st progeny 

Average , 

Standard error . 

2nd progeny 

Average . 

Standard error . 

6 

ti 

6290-0 

890-4 

4226-5 

406-0 

174- 8 
27,-1 

175- 2 
12-0 

30-3 

0- 9 

24-1 

1- 6 

6 

271-4 
34-1 . 

367-3 

51-0 

' 19-6 

0-7 

11-8 

2-1 




1-2 

0-01 

3-4** 


1-2 

2-9*^ 



Values of « f 

1 i 

dr tiro comp 

larison of th( 

1 

3 Bucks 152: 

1 

I and 033iV: 

j i.o 


.rABLE XII 

Comparison between the. performance of the third progeny and their dams 




Nismbei' 
of goats 

Total 

milk 

yield 

Number 
of days in 
raUk 

Average 
milk 
yield 
per day 

Number 
of goats 

Kidding 

interval 

Average 
milk yield 
per day of 
kidding 
interval 





OK. 


OK. 




. OK. 

' 2nd progency 

Average 

Standard error , 



4 

4703-5 

960-3 

148-3 

13-8 

31-7 

2-7 

■1 


256-6 

39-3 

18-4 

3-4 

3rd progeny 

Average 

Standard error 

• i 


s 

5260-9 

658-7 

227-3 

24-0 

23-2 

1-1 

7 


' 392 -ii 

64-3 

13-4 

1-3 

t 


0-4 

2-0 

3-0* 


1-4 

1-5 

Comparison 

Table Xin-A 

of the perforf nance of the foundation stock and the first progeny . 


„ 4 

No. of 
goats 

No. of 
lactations 

1 

Total ■ 
milk yield 

OK. 

Average 
milk yield 
per day 
of lacta- 
tion 

OK. 

' , ,1 

No. of 
goats 

No. of 
:lactations 

Average 
milk yield 
per day 
of kidding 
interval 

OK. 

Foundation Stock 

First progeny , 

. .... 

37 

34 

100 

130 

4679-8 

6832-5 

26-4 

33 1 

27 

30 , 

69 

110 

16-2 

20-9 
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Table Xm-B 


Lactatiomvise mmpmison of the first, second and the third •jirogenks 




: 

No. of 
goats 

{ 

Total 
milk yield 

055. 

.Average 
naiilc yield 
per day 
of lacta- 
tion 

055, 

.No, of 
goats 

Average 
milk yield 
per day 
of kidding 
interval 

02, 

First' -Laotation - . 

Fu’Bt progeny , , ^ 

32 

6637'0 1 

-32-3 - 

30 ■ ■ 

■■ 20-1- ■ 


Second progeny 

28 

4977 '6 

23-2 

26 

■ 14-8 


Third progeny .... 

10 

4960-2 

.. 23-3 

, 9 

13-7 

Ssooiid Lactation . 

First progeny . 

28 

6797-6 

36-4 

23 

21-0 


Second progeny . . 

18 

6395-4 

27-2 

16 

16-4 


Third progeny .... 

■ 4 

4868-0 

25-0 

4 

14-7 

Thii-d Lactation . 

i’irst progeny . . . . 

19 

7190-0 

38-6 

16 

23-3 


Second progeny . 

10 

6824-0 

26-2 

7 

19-2 

■ / ■' 

Third progenj” . 

4 

2870-3 

17-1 

3 

6-6 


Having eorisidered whether the sires were good 
transjnitters or not, we shall now consider the ques- 
tion whether selection from amongst the dams 
tvoiild lead to imiw'ovement in the successive pro- 
genies. The consideration of this question has 
been made possihle because no culling out of the 
female progeny was practised as a part of the policy 
of breeding followed on the farm. The w^hole of 
the progeny was kept and bred up. For this pur- 


pose, the It) mothert.. el tlu* touiidatiou htock W(.n'e 
ranked in order oJ then pejfoinianees in lespeet oJ' 
the three clur.utf'ih ovei .dl lact.it.Kms. TJu' 
results of the eouipaiison of the peifoiinaiices of 
the progenj" oi t]ie fir,d. h.ill compared witli that of 
the rest are given ui ’'Fable \!IV it will he seen 
that while the* pei toimaiico ol tlie second gioup of 
10 dams is signiiieantly dilleient Irojii that of tha 
first grou]> of nine ri.uns, tlicn* ]>j“ogeine.s do not 


Table XIV 


Effect of selection in the foundation stock 



Foundation stock dams | 

j First progeny daughters 

t'haracter compared 

1 Number I 

Number 

Value 

. ! 

Sttmdard 

Number 

Number 

Value 

Standard 


of 


of 


error 

of 

of 


erro.r 


goats 

lactations 



goats 

lactationa 







05S. 

056. 



oz. 

OK. 

(1) 

(2) 


(3) 

(4) 

(5) 

(6) 


(8) 

(9) 

Total milk yield 055 , 

Fii-et 

9 

36 

5686 -6 

215-3 

16 

68 

6683-7 

386-6 

Rest 

10 

33 

3867-6 

265-1 

19 

62 

5995-7 

310-3 

■ t 



o-l** 




0-7 


Average mill?: yield per clay 

First 

9 

38 

30-3 

2-3 ■ 

16 

03 

32-8 

1-9 

wf lactation 05S. 

1 Rest 

10 

30 

22-8 

2-0 

18 

67 

33-5 

2-1 

-t 



. 2-5* 




0-2' 


Average milk yield per day 

First 

8 

25 

22-1 

0-7 

14 

66 

21-6 

1-3 

of kidding interval oz. 

Best ' 

8 

23 

12-2 

0-9 

16 

54 

20-4 

1 • 0 

f 







'0-7 
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-sliou a (iitrei-oiiei- ui the pertbrmaiices. rately for hiu!k.s J.sM and ^H;Vj lias horn sliowii in 

The- f'ftV'ct of seinrtion of tlu* foiuyle progeny sepa- Table XIV-A and is fo In- simiiyv. A sirniiar 

Table XIV-A 

EJfeet an tJiS progeme-<i MM and 4dM qf select km m Iki^fo mala Uon Mock 


ITounclation stock dams f t First progeny daughters 


Cha.j 

eacter imrapax'ed j 

Number 

Number 

1 


Staxdard 

Numb( 

ar 

i Number 


Standard 



of goats 

of 

Value 

aerror 

of goats 

of 


Value 

error 




lactations 

oz. 


oz. 




lactatic 

ais 

oz. 

oz. 


(i) 

C^) 

(3) 1 

(4) 


(5) 


(0.) 


<7) 


(8) 

(9) 

Buck TotuI milk yield 

First o 

1 

7 

5613 

7 

391 

•1 

7 


33 


6003-7 

466-7^ 

4SM ' 02 


.Rest 6 

31 

3595 

1 

353 

•6 





6493-3 

579-6 





3 

8 

. 1 



0-7 


Average milk yield 

First n ' 

21 

29 

9 

3 

•3 

8 


39 


35-1 

2-4 

per day of lacta- 








1 






tion oz. 

.Rest 6 

1 


21 

2 

2 

-2 

! 6 

. J 

10 


33-9 

4-1 

f, . 



! ■3' 

2 




0-3 


Buck Total milk yield 

First 3 

14 

5281' 

6 

125 

■5 

4 


16 


5680 •() 

632-3 

49M 1 05 


Rest 3 

1 


3268' 

2 

38.1 

-9 

4 


19 


4360-4 

310-0 

1 . 


_ 

5- 

■5 




1-8 


Average milk yield 

First 3 

b 

1 

31- 

4 

4 

•5 

3 


10 


30-1 

2-6 

per day of la^-ta - 














j ti( 

m oz. j 

Rost 3 

1 

1 

22- 

1 

3 

•7 

5 


25 


31-8 

4-3 

1 ^ ! 


1 

1' 

6 


1 

1 

0-3 







rABLI 

sXV , 











pM a 

f selection. • 

m 

the first 

progeny 










1st prog 

;eny dams | 

I 

1 

, 2nd progei 

ly c 

laughters 



(..-haractisr 

compared 



1 



Standard 


1 

1 


Standard 





Number 


Value 


error 

Number 


Value 

error 





of goats 


oz. 


oz. 

c 

►f goats 1 


oz. 

oz, 


(1) 



C 

2) 


(3) 


(4) 


(5) 


(«) 

(7) 



doz 


Fim 









4827 ‘ 0 ■■ 

444 - 0 

tation 




Rest 

9 

3931-1 


567-6 


10 


4027-2 

636-8 


1 ^ 


6-4** 



1 o-i 1 



Average milk 

yield per dav of 

Fil:s1 

fc 9 ! 


35-7 


1-2 


18 


27-3 

1-6 


lactation oz. 



Rest 

; 9 


28-5 


0-9 


14 


.27-7 

1-0 


! 



1 It- 8** 


1 _ I 

1 0-2 1 



Average miHc y 

ield per dai 

' of 

Firal 

b 9 i 


24-6 


1-2 


12 


14-7 

2-0 


kidding interval oz. 


Rest 

i 9i 


16-9 


0-5 


13 , 


15-0 

1-3 


1 

^ 

5-7** 





kSecond 

Total milk yield oz. 


Firai 

^ 7 

6881 -4 

f 

521-3 


7 


5092 » 7 

411-1 

< lactation 




Rest 

1 S 

4398-8 

] 

L80-1 


8 


6325-6 

514-1 


i 


4-8** 


r ■" 

1-1 1 



Average milk yield per da.'^ 

' of 

Firsi 

b 7 


40-7 


1-7 


7 


24-2 

1-6 


lactation oz. 



Rest 

8 


32-3 


0-1 


8 


29*8 

1-6 


1 t ■ 


4 . 9**1 


L... 

2-6 1 



Average milk y 

ield per da\ 

^ of 

Firsi 

b 5 


26-7 


0-9 


6 


16-5 

2-4 


j kidding interval oz. 


Rest 

; 6 


20-8 


1-G 


6 


16-1 

1-9 


1 ■ ■ 1 

1 1 

12-7* 1 

1 1 

1 

i 0-1 1 
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ooraparison made with regard to the first and the 
second ]>rogeny, shown in Ta-ble XV, gives the same 
result. Both the tables show that selective breed- 
ing on the side of the dams is without effect and 
suggest that there is possibly no correlation bet- 
ween the performances of the dams and the daugh- 
ters, This is actually found to be the case as will 
be seen from the values of the coefficient of corre- 
lation shown i II Table X VI. Six of the nine values 
of the coefficient of correlation are negative and 
the remaining three are positive but all of them are 
small and non-significant indicating no real asso- 
ciation between the performanoes of the dams and 
their daughters. 

Table XVI 

Goe^icients of correlation between the performances 
of dams and daughters 




Average 

Average 


Total 

milk yield 

milk yield 


milk 

per day 

per day of 


yield 

of lacta- 

kidding ! 



tion 

interval 


OK. 

oz. 

oz. 


(1) 

(2) 

(3) 

Foundation stock and 




first progeny 

1-0 -170 

— 0-270 

~(V012 

First progeny and 
second progeny. First 




lactation 

First progeny and 

-fO-171 

-^0-005 

+0-064 

second progeny, 
Second lactation 

— 0-162 

--0-.^97 

—0-260 


The above analysis would indicate that the fouii” 
dation stock had a low genetic variability. This 
suggestion is also supported by the fact that the 
values of the standard deviation of the three 
characters in successive progenies have not signi- 
ficantly changed. It is even possible to estimate 
approximately the amount of genetic variability 
present in the material by separating the total 
sum of squares into the differences between indivi- 
dualsj their lactations and the interaction, as shown 
in Table XVII. The extent to wliicli the indivi- 
duals have differential capacity to produce milk 
(when averaged over the three lactations) is 
Table XVII . 

Analysis^ of variance of total milk yield of goats of 
the first progeny which have completed 
three lactations 


Cause of varia tion 

D. F. 

Sums of 
squares 

Variance 

Between does . 

16 

135677631 

8479852 

Lactation order 

. "2' 

19106176 

9553081 

Residual . . i 

32 

141372459 

4417889 

Total 

' 50 

296160266 


measured by the sum of squares 1, 35, 57, 76, 31 
with 16 degrees of freedom, if’ there had been 
only random, variation biffween individuals, this 
sum of squares would havi' been 4, 41, 78, 89 X 16- 
70, 68, 62, 24. The differ(m(!e between 1 , 35, 67, 76, 
31 and 70, 68, 62, 24 -64, 99, 14, 07 is a, measure of 
the variability btdwism individuals excluding 
random variations and the ratio of this to the total 
sum of squares nuaisures tlu^ extent to which the 
genetieal factors .affect, the milk production, it 
can, therefore, be said that, only about 22 per cent 
of tiie variance is ascribable to hereditable causes. 

It is clear that the absence of improvemenf 
observed in the farm herd is mainly due to the un- 
fortunate selection of both the purchased and the 
farm-bred bucks. If the bucks had been really 
good transmitters then even with low hereditable 
variability in the doe,s, we should be justified in 
expecting improvement. But, as the results of 
progeny tests show, neither the original nor the 
iarm-bred bucks appear to possess genes for dis- 
tinctly higher level of milk production. There is a. 
suggestion that in coinparison with the worth of the 
other sires, sire Xo. 48M was probably a good trans» 
mitf er ; (rat the far,m»bred bucks were definitely 
poor. 

To conclude, tlie lack of distinct improvement is 
largely due to {%) the indifferent performance of the 
foundation bucks and {ii) the low genetic variabi- 
lity in the foundation dam.s. Periodical progeny 
tests would have revealed pre-potency of the differ- 
ent sires and suggested suitable changes in regard 
to their use. A study of the genetic variability in 
the successive generations would have revealed the 
potentiality for improvement of the material and 
also suggested .suitable breeding plan. Another 
factor contributing to the lack of progress is the 
use of too few bucks to start with. In the absence 
of knowledge of the breeding worth of the bucks, 
the chance of locating superior individuals on con- 
formation ba.sis is nece.s.sarily small. Consequently 
it would have been desirable to start with a larger 
number in order to hold out a reasonable chance of 
securing a proved buck. The herd too was of small 
size wliile the .mortality among.st the kids was high 
giving few corresponding lactations for conclusive 
comparison.s. If culling had been practised, parti- 
cularly oil conformation basis and only partial 
records maintained, it would not have been possibh^ 
to carry out tlie analysis on the generation basi.s | 
which has been done here and thus as8es.s the pro- 
.gress made during the last ten years. 

The experiment was fiiia.nced by the Imperial 
Council of Agricultural .Reseach. 

I would like to place on record my grateful 
thanks to Mr A. E. Slater, Mr B. S. Bhatia and 
to Mr V. G. l^endharkar who aasisted me in the ^ 
study, 


OBSERVATION’S ON THE TOXICITY OF RHODODENDRON ARBOBEUM 

TO LIVESTOCK 


By Nabain Das Kehae and K. Govinba Bau, Animar Nutrition Section, Imperial V'eteriimry 
Besearoh Institute, Izatnagar 

(Keeeived for publieatiou on 6 September 1943) 

Ehododendron ARBOKRUiM; grows a..bnnd:intly in leaves. Believing the condition described above 

the Kumaun, Kashmir and Khasia hills between to be possibly due to the ingestion of these 

4,000 and 11,000 ft. In January and Kebmary, leaves, a systematic feeding experiment was 

when owing to frost and snow green herbage was , conducted on. two bulls, two sheep and two 
scanty, a large number of animals, which had to goats. These animals were of mature age and 

subsist on hill-grazing, showed mild symptoms apparently in good health, 
of intoxication and bulging eyes. Observations, 

extending over several days, indicated that Leaves and flowers, including buds, were fed 
these animals had to depend for nourishment to to the animals. The amounts given, on difierent 
some extent on dry autumn-shed rhododendron days are showm in Table I. 

Tabbe I 


Dates . 

Species of 
animals 

No. 

fed 

Method of 
feeding 

Material fed 

h’btai 
quantity 
fed to 
animalB 
(lb.) 

Result. 

RemarkH 

17-11-38 

Kumaimi foulla 


Voluntary feed- 
ing. 

Leaf, flower 
and buds 

About 1 4 

All symptoms 
of poisoning 

Sample 1 

18-11-38 

Sheep 


Do. 

Do. 


■ Do. 

Do, 


Goats 

2 

Do. 

Do. 

3 

Do. 

■ Do. 

19th to 
21-11-38 

Kumauni bulls 

2 

;do. 

Do. 

8 

No aymptom 

Do. ■■■ 

25-11-38 

to 

80.11-38 

Do. 


Drenching sua- 
pension in 

water 

Crushed loaf 
and flower 
in water 

26 

Do. 

•Do. 


Sheep 

2 

Do. 

Do. 

12 eaoh 

Do. 

Do, 


Goats' 

2 

Do. 

Do. 


Do. 

Bo. ' 

27-11-38 
, to 

30-11-38 

Kumauni bullg 
fresh 

2 

Voluntary 

Leaf, buds 
and flower 

36 

Do. 


6-12-88 

to 

8-12-38 

Do. 


Do, 

Do. 

9 in two 

All symptoms 
of poisoning 

Sample J 


Old Kumauni 
bulls 

2 

Do. 

Do. 

7 in t wo 
days 

Do. 

Sample 1 


Symptoms 


abstinence, 

tliei.'c was 

I progressive 

ibatement of 


Bulls. After ingesting voluntarily about 14 
lb. of the plant in two days, the following 
symptoms were observed : ■ 

Forthy salivation, vomitting, dullness, a stag- 
gering unsteady gait when, forced to walk, 
crossing of the hind limbs, grinding of the teeth, 
bulging of the eye-balls and a disinclination for 
food. No febrile disturbance was noticed 
throughout the experiment. After two days of 


the symptoms. 

Sheep and goats. .After consuming about 
6 lb. of the plant, symptoms of frothy salivation, 
vomitting and grinding of teeth were observed. 

ToXIOITV x\Nn .\C'i.'lV.E PKIWCIPLE 

The tender leaves and the honey of rhododen- 
dron flowers are considered to be toxic [Kirtikar 
and Basu, 1933]. B, calif omimm and B, 
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■maximum are reported to be fatally tosie in 
r)regoii and the Alle^;}iany mountains respeotive- 
iy [LaiidcM', U)28|. The Icnvcs omitaiii a tanning 
resoluble by aeifk to yellowisli-red rbodoxan- 
i.liine. A veddialj colour is obtained by treating 
tlifj juice of the leaves with a miiKU’al acid. The 
chemical natni’e of the toxic principle and its 
mode of operation are not yet understood, 

A cow dead of rhododendron poisoning showed 
reddish tint in milk [Eve, 1907]. 

Treatment 

TTalf the ailing animals were given an oleagi- 
nous purgative followed by gastric stimulants, 
such as nux vomica,- gentian and ginger for 
three da^^s. The treatment scarcely was neces- 
sary, as the untreated animals also recovered 
in much the same time, once further ingestion 
of the plant was stopped. 

DlRCaSSJON OP UESULTS 


the first sample was fed t;i> ibiotii ;is :iIku tu tijc 
bulls of the other group, and ^\dieu only as liitb 
as 6-8 lb. weiv consumed in tv-i) days, ail iiii- 
symptoms appeared a^ markedly befoi-c. 

Thus ue were led in conelndc ihat it was nnti 
a question of tolerance but of the, flifli'rence in 
composition of tlu> i-we samples ibat bad (amsed 
the failure to produce the symptoms of fo\i 
city even wlien the anirnnh were drenr, hetl . Tl 
is well known that climate, soil, sensou niid ilu- 
stage of growth afleet fhi- io.'ricity of ;i phmi. 
[Steyn, 1934]. Tn tliis ca-so all things being 
almost equal, only the soil eonditioii and the 
degree of transmission of U'lxieity to the progeny 
come into prominence, for the iavo localities were 
fairly distant. This fmding seems to he In 
agreement; with that of Steyn [1932] .and 
rVmeli [19321. 

STrMMA(^Y .\Nn> CiONCl.nSIONS 



As can be seen from tbe table, after two days’ 
feeding rdl the animals evinced a disinclination 
for o-ny mo're of the plant, though given nothing 
else to eai. Therefore for five day?? each animal 
was drenched with about 26 Ih. of pulverised 
leaf and flower suspension in water. No symp- 
toms of toxicity Avore manifested. Since it was 
possible that tile bulls had developed a tolerance 
to this feed and also that there had beep a 
change In ihc amonid of ihc ioxic principle in 
the five days’ spample, the sample from the. first- 
day locality was again utilized. After about 
S lb. of the plant were consumed by the same 
bulls in two days, all the symptoms of toxicity 
wmre freshly manifested. Twt> fresh bulls were 
fed over four days about 3f» lb. of the second 
sample with no untoward symptoms, but, wdmn 


Two .=iiuri])lcs of rlintJoilfailroii urhin'i'ii m frnm 
two diffei'enl. localilics wmre used in feeding ex- 
periment's fill bulls, sheep and gnat?’. Of Ibcsi- 
one sarrqde was definitely jnxi(3 and the, ollan 
was not. Soil , condition is incriminated in the 
loss of toxicity of the second sample. The plant 
is not lethally toxic. 
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MELANOMATA IN DOMESTICATED ANIMALS’i- 


By M. Y. ywaEiji,K,iB, M.So., M.E,.O.V'.a, ’D.'r.V.M. fRAin.), 
Imperial Veterinary Besearoh Institute, Mulrieawjw' 

(Received for publication ou II Ma\' 1042) 

(With Plates Xn?' and XV) 

The subject of melanouiHia lias alway.s heeu siiiytltiiig helped tu uialo* tb<‘ pealfiofi 

a vexed problem for the oncologist, the phy- Avilderiiig thru belbt?* by iol n fbudri.g 

siologist and. the embryologist alik?'. Although a field .sevend points eu which, cm 

good deal of work has been done on the histogene- differems* of opinuiu cxi.sl s. • tiubss!. a,j 

sLs of the specific tumour eell,- tlie inelanoblast those Avho believ<^ in tb.c rxi.-leinH' nl' ; 

and on the origin of the tumour itself, it has, if neopla.stie <-ell, t,b.er<i are tb.ase w.'ho (di 

*Paper presented before tbo Veterinary Section of tlio ,sneb tliillu a .> ni< !<• noblasf 

25th Se.sslou of the Indian Splenoe Bongress, in January inelailotK* neoplasms at"' prndn^'ts ol i 
J 938. at Calcutta ‘ 'and funetiomrl ebanues in tb.c firdinnrv 


the boclj'- li-'. verterinary pathology the subject 
becoines iii!.or>- (.'rnaplicated on account of the 
u.mqite. ].>mli.s])osit.i.' >.(.), of grey horses to uiehnio- 
ivuitosis — a. u'iuels, needs elucidation in 

conforjtilt;-;' ti:Cceptr.,'bl(‘ opinions on the 

siibjeGt/. 

lii, GfrlU'ctioir. of nearly -i-OU fcuinouivs at this 
Institute, _only 13 (3-25 per cent) preserved 

specimeiis of nielMinoinata an*- prtsent : live iroin 
!).orsi-s (4 -5 ]jer eent of neopiasms of horses), 
live froio nniles (14 per eo;.ut: of neoplasms of mules) 
a,,ud th.rej-: froui bujio(:!.k.s (2 per cent of bovine 
neoplasms). ■Rel.'.'Vant inJbj-nmtioii is wanting in 
connection, with (uae specinnm of each group. 
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Brief details of the soiu'ce, location, naked eye and 
microscopical characters of these tumours are 
given in Table I. ,Tt will be j-ealized that, with 
such limited material at^ ojie's disposal it is not 
possible even to attempt to solve any of the prob- 
iems associated with the genesis of melanoniatal In 
this article it is, therefore, proposed only to record 
the incidence of the tumour in tills country*, 
and to give such clinical and microscopical obser- 
i-ations as seem to be of interest. A genei'al 
review of available literature on the subject is 
also included. 


*Xlio incidence has been calculated from the records of 
this Institute for the past sixteen years. 

Table I 

:d mmwmry of the shdy of mekmomata of animals in the collecUon of the Institute 


path. 

-■specimen 

niimbei' 

AiiiniMl 

Colour 

■Age 

Location of twmonrs etc. 

Microscopical examina- 
tion 

Micro, scopieal 
diagnosis 
(bciiign or 
malignant) 

flemarks 

J.010/1921; 

Mure : 

Cifey 

Aged 

Skill of tail mid anal re- 
gion. 

Small and large, deeidy- 
pigiuentcd 

Benign . 


J670/.!.S);30 

llur<e . 

Urey 

j 

Hi ycar.-s 

Lower side of tongue 

Ueeply pignieuted 

Benign . 

The o,nly tumour 
detected and re- 
moved. Normal 
recovery. 

Y0/10£i4 , 

as9/193l: . 

26611937 . 

11.16/1927 

liuj'st; . 

Hor.’.'e , 

hui'se . 

Mlulr . 

V . 1 

tti-C.V 

Urey 

Aged . 

Aged . 

S ye.'us . 

liii-ei'id ing skill of knee . 

1 eriiii-aJ region, liead, 
neck, Hjieatli {.riato 
XIV) iiud aiidomlnal 
cavity. 

i’crineiiiii and tail 

I’repuce, liver, lung, V 
.■spleen 

Do. 

Do, 

Small and large, deojdy 
pigmented. 

Small and large, anperll- 
cial, deep hrown to 
black tnirioiiK in liver 

Benign (Plate 
XV, I’ig. 1) 
Malignant 

Benign. 

Malignant 

.Soiuc gallons of 
blood-stained fluid 
in abdominal 

cavity 

1121/1927 

Mill.' . 

Cire.s- 

ir> years 

Withojb, thigh, oleura, 
heart;, lung, liver, peri- 
touen III 

liigiitly-pigineuteiJ, grape- 
like, pleural nodules 

Malignant 

ProgresHivc delii» 
Ifty. Slaughtered 

16/1934 . 

Milt: . 

(h-e>' . 

Ls years 

’I'horaeie tiiiuour, alfeet- 
iug lung and peri* 
oardiinn 

1 lecply •pigmented 

Malignant 


Sl/1936 , 

Mull' 

II , 

10 \'i'ii.rs 

Between thigh.s, with f.v- 
teiision to udder 

on udder, soirrhotib tis- 
witli lightly-pipuiented 

1 rounded Ic, skins 

Malignant (Plate 
.XV, figs, 2, S). 

Luias of condition. 
Oonstant blackSeh 
diEicha,Tee from 

teatsi ■ 

232/1938 . ; 

Alnle. 


? 

3:high .... 

Deeply-pigiuenled 

Miiliguaiit . 


958/1926 

BiiJloeli 

Bliiek . 

1 

. years . 

Skill of ehe,bt 

Appearance of Calcutta 
Sore Underlying tu- 

mour dei'p-brown. 

Benign. Aa.so- 
ciated with 

fllariaais (Plats 
XV, fm -t)- 


iijS/lOSu . 

liulluek 

, 

S yeaf.. . 

Serutiilu 

Ifeijiily-pigiiielited 

! Benign 


13:1/1937 . 

Biillocic 

Black and 
rvJiitP, 

years . 

Basterii. Beduneiiiated 
tuinoiir 

Do. 

Benign . 

Surgically removed 
with au'Tfws 


Th.c ca-<e-s in, itorses are Iroin aged grey 
animals , m(,)st]y over 16 jmars of age. A& is 
well .kiuMvu, a gi'cy .li.oj'.st? -with advancing age is 
Very likely io meia.uo,mata. In fact, it 

is c'hiimod by many i b,at lu) giayy horse, if allowed 
i'.tt li-vc long enough,, will escape nielanomatosis . 
This higli, .incidenci^ is iyvpla,iucd by some as being 
duo !■(» a grad.'ua'i .loss of ]>.igmeut (nmlariin), as the 


animal turns IWun grey to white with advancing 
ago. , Normally, in man and animals, there is a 
.steady loss of pignunt from the skin ditring th,e 
proce,ss f>f continuous de,stiij.a:matio3Ji. In animals, 
the cjisting of hairs i.s a..u additional fector, invoh'- 
ing loss of melanin.. .In coloured ariimalH, t}jn* (pi- 
manid for the pigme,iit is kept up throughouii life. 
In the grey horse, howwer, this demand goes on 
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decreasingj partioiilariy after middle age, so that 
much melanin remains unutilized. "Under the 
circumstanoes, according to van Borssen [1930], 
the cells containing and manufacturing melanin 
imdergo hypertrophy and hyperplasia, the pro- 
cess ending" up as an uncontroEed multiplication 
of coEs as in. nijoplasms. The frequency with 
which primary nmlanomata arise near the root 
of the tail is explained by M’Fadyean [1933] as 
possibly duo to decline in demand for melanin in 
the long hail's of the tad. Whatever the cause 
ma,y be, the fact remains that the grey horse is 
singulaiiy predisjiosed to melanomatosis. There is 
no such parallel in, tumours of man or of animals, 
even grey, except apparently in the case of the 
grey mule and the white goat [Jackson, 1936]* 
This predisposition must be inherited, as certain 
records suggest (Virchow), [cited by Ewing 1934, 
and Feldman 1932] and according to M’Fadyean 
may have originated as a mutation. 

The most common, sites for primary melanomata 
in the horse are the preineum and the ventral siu- 
lace of the tad (Plate XIY). As a rule, the tumours 
are, in these situations, not single but .multiple. 
Less commonly, melanomata, apparently primary, 
may occur elsewhere on the skm, e.g. on the head, 
neck, scrotum, udder, sheath and limbs, and per- 
haps in some oases in the deeper tissues and in- 
ternal organs. One of the specimens in our col- 
lection was recorded from beneath the tongue. 

The tumours are not always malignant ; however, 
in sone equine oases, under the influence of some 
unknown factor or factors, a benign growth may 
suddenly assume malignant characters and 
metastasize widely and rapidly, via the lynipha« 
tics, and later on, perhaps also via the blood, 
inidtratmg the regional lymph glands, serous 
membranes and internal organs, even including 
the hrain, nerves, blood vessels, bones and heart ; 
somewhat rapid cachexia follows, causing death 
or rendering destruction more econo.tnical. 
Several workers consider every melanoma as a 
potentially malignant tumorrr and, in medical 
pathology, every pigmented mole, iiaevus or wart 
a s a potential source of melanoma. • 

The tumours are^more or less j)igmented. The 
pigment may vary in different tumours, or in 
different parts of the same tmnour, or within a 
group of metastatic growths. ' 

The ceds of deeply pigmented timiours are. 
usually large in size and may occasionaUy assume, 
by fusion or independent nucleus division, the 
appearance of giant-cells. The nucleus is sinall^ 

♦One may, liowover, note that MacCallum [1932] dis" 
covered ten melanomata, all in wMte men, in 12,009 
antopsioes wherein tho proportion of Negroes was high. 
Ewing [1934:] feels that the rare incidence of the tumour 
ia Negroes may be due to difficulty in diagnosis* 


pale, .more or less oval and usually excentrically 
situated; altogether, the pictiue suggests that the 
nucleus has undergone hypochromatosis and ha* 
been displaced by an excessive accumulation of 
melanin. Th© aggregation of pigment must 
obviously be responsible for the large size of the 
ced. In extremely pigmented tumours, the cells, 
indepigniented sections (Plate XV^ fig. 1), resemble 
some what th© ceds of sebaceous glands and appear 
to have lost their staining affinities and perhaps 
theii’ normal function. These points are brought 
home at once if one compares the picture presented 
by melanoblasts of a malignant growth {vide 
infra). Excess of pigment must naturady escape 
outside the tumour cells to be taken up by phago- 
cytes, or deposited in the surrounding connective 
tissue. 

Different li'om the above picture is that of a 
malignant melanoma. The ceds are smaller, 
often not so deeply pigmented, or at places even, 
unpigmented. The nucleus anci cytoplasm retain 
their normal staining properties. The difference 
136^6611 these ceds and tliose^ described above 
appears essentially to be one of physiological 
differentiation, the cells of the malignant melanoma 
exhibiting tb.e tendeiny towards multiplication 
rather than towards pigme.nt -formation. Mitotic 
figures are, therefore, easily seen (Plate XV, fig. 2). 
The ceds tend to be rounded, polyhedral or spindle- 
shaped and may or may not show an alveolar 
arrangement. 

It should be borne in mind, however, that it is 
difficult to assess the degree of pigmentatioii either 
by the naked eye or microscopically and that 
tumours described as deeply pigmeirted may pos- 
sess malignant propensities. Thus, madgnanoy de- 
pends not on the amount of pigment but on the 
presence of a fair proportion of proliferative 
rather th,an melanin-producing .melanoblasts. It 
is reasonable to suppose that this proportion 
bears a^ direct relationship to the degree of 
malignancy. 

Local connectiA’e tissue response appears to be 
relatively delayed in melanomata and a true 
stroma may be absent, at least in the early stage 
of the growth. Deeply pigmented, clinically 
benign tumours of the skin contain at first much of 
the local, connective tissue. JB.istologicady, such 
tumours only sb,ow accumulations of melaiio- 
blasts lying in the meshes of a connective tissue 
network. The pigmented area>s, havi.ng at fest a 
diffuse border, gradually become well separated 
from the .surrounding tissue as a rounded focus, the 
adjacent tissue niore or less stimulating a capsule. 
Lx thti case of malignant tumours, signs of inva- 
.sion of the surrounding ti.ssue (PlateXV, fig. 3) and, 
of metastasis can be observed without much, 
difficulty also ; in such tumours the connective 
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(Spec. 81/1935). x30 PLirijiluirv ol‘ 

tumour. No1 e growth by inviision into 
surrounding tissue. 


(Sp(‘C. 79 /J934). X 138 Depigraentcd 
cells of a benign tumour. Note large 
bloated cells with small pale nuclei. 


(Spec. 81/1935) X 131 
Maligna, ut i amour with 
normally .staining cells 
contaiuinu, only slight 
pigment. Numerous 
mitotic figiire.s. 


5. (S-pec. 958/1226). x24 Partly depigmented micro-section. 
Note 3 worms in section in deeper epidermal layers, and 
tissue reaction and melanoma- formation in the cutis. 
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tissue of tiie affooted site rev'eals an early reaction 
sufficient to be recognized as a true stroma. 

Microscopically, the stages between the benign 
and malignant melanoinata can often be seen. 
■Suitable material will also illustrate the possibility 
that under unlarowii circumstances a benign- 
looking neoplasm may assume malignant charac- 
tiuvs. Both tyx-)es of melanoblast may co-exist in 
tiin sum'- microscopic held, or in different parts of 
tlu* same section, suggesting a proliferative 
tendency supervening on the essentially primary 
function of pigment-production. 

The tumours may attain large dimension and 
vary in consistency from fluid or pulpy to 
Inn-d ; accordingly, on incision, the amount and 
nature of the escaping pigment varies. Portions 
of jnelanotie i umours kept in commonly used 
flxaliTCS oft('n im[)aL‘t' the melanin tinge to the 
preservative. »Superfieial tumours are b'kely to 
ulcerate ujid disehargo a dark- pigmented, fouU 
smelling liuid (71)/19l}4). Karely, the formation 
of the pigment may be so excessive that it may 
appear in the blood streain (melanaemia) in the 
urine (melanuria) or in various other situations 
(meliiuosis). The priiaary or mctastie tumours in 
idle serous cavities may be responsible for the 
[)i'(‘:,-enco in these i-avitles of pigmented fluid, some- 
times amounting to several gallons. 

tn the horsi^, the cutaneous tumours are 
juudulor, plain or (devaitod, ooeasionally pedun- 
eulaled growths eovei-ed with skiji. The tumours 
in the iiiternul organs are generally looked upon 
as metastases of a known or undetected primar\' 
skin-1 amour. Aecordiug to some [Ewing, 1984], 
primary melaianuata. especially in man, may 
grow in. these situations, owing to th,e misplace- 
ment of nudanoblasts during devel(.)])meut. 

It should not i>e undei'stocd that horses (ttlier 
tiian grey are immune from melanornatosis, for 
veterinarians dii o(H-.asionally encounter such 
cases. 

Few cases of melanoinata in mules liave 
been recorded. In tiie collection at this Insti- 
tute, there i.s material from five cases, but gene- 
ralization i.s not possible on the strength of such 
meagre data. Of the five, four w^ere accompanied 
by (Ictails !-egarding coloui’ and age : three -svere 
li'om gT(.;\ aged S. 15 and 18 years, the fourth being 
fiiun a 10 year-old bi'oa 11 animal. All four speci- 
mens wnre malignani I umours, which fact is in 
(•onformit;s wilh the obsej'vations of other w'orkers 
j Aubry, cited by Feldman, 1982 : IVlathevvs, 1029 ; 
.Frank and Morrill, 1987]. 

I'lilike what oceiirs in the hor.se, the perineiim 
and tail in muies do not seem to be the common 
.sites of ]>i-imary melaaomata. The tumours in 
our colleetion affected the deeper tissues of the 
slKuiklei* and thigh region, the organs and wail 


of the thorax and the :ibdo.me.n, and in oiio 
case the mamma) y giaml. It would appear 
that, whereas in the horse tlie appai'ently lienign 
and superficial tumours are the first to attract 
attention, in mules eaily malignancy with the 
involvement of the internal organs i.s frequent. 
Indeed, in these animals, numerous metastatic 
growdh may be discovered in the internal 
organs at a.nto).sy, and the primary growth 
may have* e.scajied detection during life, 
fn one of thi' i-ases in oui- ijollection (1116/1927), 
it was suspected ihaf a kick had been responsible 
for jn’OYoking a pilmary tumour in the sheath, 
discovered and iut-erpi-eted as such on autopsy, to 
malignancy^ and internal metastasis, causing death 
vidthin three months. 

The three .specimens of bovine nieianomata in 
our collection came from the skin of the chest, 
sci'otimi and f)astein and Wi^ro cHni(!ally ))enign 
and operable. In one of tlicm (958/1926), the 
.skill sliowed 1 he evidence of lilaria.sis (Plate XV, 
tig. 4), but what rolalion. if any, this had with the 
presenei' of Die melanoma is open to conjecture, 
'rhe tumours were nod ular, hal'd and more or less 
deejily pigmented mas.scs. One of t hem wais pedtincu • 
lated. There seems lu b(' no age or colour pre.. 
dis[iosffioii to melanomutosis in bovines, although 
rmmingtu' jr/f. Feldman, 1982J has obsiTved the 
(K'dirri'm-e of tndunotii' tumours mure frequently 
in albino Dian in dark cattle. Malignant mela- 
nomalii an- ra.i'el\ Ibund in hovine.s, (vide 
■speciiiK'ji .No. i 15' 1988, Addendum). Unlike 
melanoinata. melanosis, i.e. mme dark browm or 
liJa<‘k pigmentation of the tissues or orgairs with- 
out any mutd'ial dysCmu-tion of tin* parts or of the 
oi-i£an, is rclativelv inoi-e. common in cattle. 
In calves, mt'lauosis of the eiilis {-inelanosis 
m.ttruh.'ix) is seen; Diis, unlike the congenital 
iiaevi oi' man. tmuls in disa])]>('ai' wiDi age 
{ FMdman, 1982]. 

Although not represented in our eolleciioii, 
mehmomata also occur in animals other than 
equiiu'.-^ and bovines. In sw'inc. apart froni patchy 
iienign melanosis of tlic skin, the ccoiirreiiee of 
mMaiiomata, often malignant with widespread 
metastases, has been noted, the pi','uiaiy' lesion 
appearing usually in or iindu- the skin, not 
iufrciiuent.ly wlieii the animal .i,s only a fc-w w( ek.s 
old. It is snspectf'd tliat in certidn la-i eds here- 
dity plays a part ICaylor and Sclih-iilutm r. 
1926]. I'lu* tumours in adult swine ai'c usually 
Ixmigu. 

''.I’hc dog, lik(' tli<‘ [tig, is also suhjt'ct to melano- 
matosis as well as simpli> nietanosis. According 
to Dray I’l9t,H)l certain ijrt'cds of <I(>g, partii-uhirly 
the Vorkshin- terj-ici-. arc pn-disjaisi-d to th(‘ for- 
mer, the tumours being of the natiij’t- oJ‘ cutaiu'ous 
elevations, or of single, stalked or s(cssil<' smooth 



warts grm\iug usually on the sides of the trunk 
or on the feet or prepuce. Kecorded cases show 
diat severe generalized melaiiomatosis occasional- 
ly occurs in the dog, involving the skin and in- 
ternal organs, but at times excluding the liver. 
Karely, tlie (amtinl nervous system may also he 
involved { Feldman, 1932]. Melanosis is seen in 
fche suhcutis, lungs, liver, kidneys, etc., the pig- 
tnent being present in. the tissue spaces or in 
phagocytes. ,, 
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the sides of the traai substance resembUng. <.i‘ 

Eeoorded cases show Bloch’s ‘dopa rcactjm, M.volv.u.g “ 

lauomatoSLS occasional- extract of broad bean eontcung toyi*«g: 

DlTing the skin and in- alanin is well known loi; denKuistiat mg ^ 

les excluding the liver, ment. The snbslaucc is ic a u ' n.nt' o\i- 

us system may also he tryptoi>hane ami adrcim an iinr 

|. Melanosis is seen in dked to a dark brown lugment 
kidneys, etc., the pig- nte. The reaction is given by “‘ X 

the tissue spaces or in epidermis, blood and houeiuano\ a ‘ 

of non-piginented melanoiiiatii. Actoiduig to 
. j -a — lUnx MannaUnm 11 9321. tho fermeiit is not demonstrable 


iflcocvtps' ' ■ of non-pigmented mdanoiiiata. Accorcirug lo 

Whether melanosis in the pig and dog is capable MacCallum 1.1932], 

( stimulating the growth of melanomata is not in the cells of the cutis, so, _ ^ ixln hnwited bv 

.ear, but such a possibility would appear to exist, phores) may contain epidermal 

addon’s cases [1936]-five canine and two por- them, but 

Inr- — '-had much the same morphology as the melanoblasts. This, xu,. 


clear, but such a possibility would appear to exist. 
Jackson’s cases [1936]— five canine and two por- 
— ”had much the same morphology as the 
human melanotic skin tumours ranging from, 
‘naevi’ to definite anaplastic neoplasms”. It was 
not possible, however, to classify them as melano- 
carcinonia or melanosarcoma. Jackson’s por- 
cine cases were distinctly different from epithelio- 
inatoid melanomata of Duroo Jersey pigs, en- 
countered hy Caylor and Schlotthauer [1926]. 

Melanomata have been described in white goats 


passage of melanin from the epidermis to the 

dermis. . 

The origin of melanins by the aet.io.u, as suggest- 
ed by the"' do])a ‘ pbeuouu'uon, of an oxidase upm! 
an oxidizabk' (‘liromogen. perhaps allied to 
sin, is helpful iu elucidating the Ihroiizing of the 
skin in Addison’s disease' wherein the iireeursor 
(tyrosin) of adrmialin is said to be oxidized 
in the skin to .fiuin a brown pigment [Maetalliun, 


in\Soiith Africa and are known to affect mainly , in the skin to 

but not oxclnsively, the Angora goats. Tbdr .1932J. Ge..«„-d |1!KUJ 'SnLa 

vwo-rr W thA tbnt tbev tvrosm and tyrosinase, m equim .oKJanoma. 


incidence may be gauged by the fact that they tyrosin and f 

form approximately 40 per cent of all caprine Even so, the usual prestnet. .. .. p 
tumours at Onderstepoort [Jackson, 1936]. 

While regarding the caprine material as ' an mi- Oxidase is entirety 1' 

rivalled wealth of specimens of the study of what of albinos or in ^ jtje 

are usually regarded as typical melanotic epiithe- hair; but when present 

liomas Jackson refrains from definitely attri- increased by the use of n 

buting an epiblastic origin to them. Thomas The terms ,V . uis+nlopie vil 

[1929f has classified these tumours as basal-cell coma’ are often used to 

melanotic epithelioma, ta. In the list of melano- resemblance oi terms should/ how- 

mata at Onderstepoort are also included one sarcoma, respectively. Ihe t. Vnfftj'pqtivp of 

acanthoma of the horse and a basal-eell ever, be discontinued as 

epithelioma of the cat. the histogenesis of the ^hi h ^is an^^- 

Melanomata have also been described from the thing but settled even toda> , . ^ ^ .iv-iatfinpo of 

rabbit [Brown and Pecirce, 1926], cat [Mulvey, the point of vmw of f 

1906], and chicken [Goldberg, 1919; McGowan, d.emonstrable mterraediate stages cniivinces one at 
1928]. McGowan’s cases, in the fowl, included once tliat the expressions are ai i ^ 
one affecting the ovary, ivhieh, unlike the rest .melanomata of in their 

(mesoblasticl of his specimens, was considered by system may resemble peJi he _ ^ .vrefbin 

him to be of epithelial origin. microscopical structure. Feldman 11932 

hisingenef^is. .It is generally agreed that melano- to classify melanomata simpty as 

mata result from the unchecked proliferation of a malignant. , , . ■ i t ... i 
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hisingenef^is. It is generally agreed that melano- 
mata result from the unchecked proliferation of a 
specific pigment-producing cell, the melanoblast, 
which is responsible under normal conditions for 
.supplying pigment for physiological purposes. The 
neoplastic (malignant) melanoblast is capable of 
metastasizing in the same way as cells of other 
malignant tumours. 

The pigment, melanin, is not derived from the 
blood but is a, special metabolite of the cell and is 
contained in or outside the nucleus. It is probably 
formed by the action of an oxidase contained in 
the melanoblast upon a melanogenic protein 


The oiigiu of the 
and a large innnbo! 
forward liy variot 
made hav('. been in 
the dcv<I()]>moul o 


the melanoblast is undelerunneil. 
iber of byiiothesos lias been pid 
■jous workc'i's. '.riie oliservations 
i mainly based on taclors sucli as 
t of col'ouj' function in the animni 


kingdom, the struciuro ol the namnis, the naiuH*. 
morpliolosv and sitnatimi of jiigmented ci'lls and 
their association with blood vessels aiu! nerve,.. 
It may be .said at, once (bat, unle.ss the meiano 
blast 'has a multiple origin and pes'lnaps an^ in- 
constant morphology, the diverse eouchisioui-,^ 
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arrived at by different autliors would be difficult 
to reconcile. 

From the standpoint of histology, melanoblast 
are suggested to be ' highly differentiated connect" 
tive tissue cells which arise early in. the ontogenic 
development from mesenchymal cells ’ [Maximow 
and Bloom, 1935]. Two types of melanoblast 
are recognized in the .skin, di.stinct from the dermal 
melanophoree "which are situated in the superfi- 
cial layers of the dermis, in large num bers at place, s 
(e.g. around the anus), and which contain coarse 
uneven pigment-granules not formed by them, 
but perhaps received from the epidermis [Post, 
1894; Ewing, 1934], Of the true melanoblasts, 
elaborating and containing .small and uniform 
pigment granules and giving a positive ‘dopa’ 
reaction, one set consists of branched cells — epi- 
dermal melanoblast, — situated just under the 
basal epidermal cells between which their out- 
growth.s project, while the second .set consists 
of dermal melanoblasts and is known to occur in 
the .skin of ajres and in the scaral region of the nerv- 
born Mongol (‘Mongolian Spots’, ‘Blue Naevi’). 
The melanin in the basal layer of the epidermis 
would appear to be derived from epidermal 
melanoblast.s, for the former do not give a posi- 
tive ‘ dojja ’ leaction. Yet, a large number of 
workers on the subject holds that they are x>ig- 
ment-producing cell.s and hence true melano- 
blasts. Such an opinion was lield as early as 
1894 by Post and subsecjuently by a long line 
of observers including Cowdry [1932, 1934], 

The conciliatory suggestion that the epidermal 
‘ dopa ’ — po-sitive melai,ioblasts are derivatives of 
the basal cells seems unlikely in view of Bloch’s 
observations on foetal epidermi.s which indicate 
that the former are migrated niesoblastic ehroraato- 
phore.s and that they give rise to the tactile cells 
of Markel-Panvier’s corpuscles and probably 
con,stitute the melanin-producing component of 
pigmented iiaevi which, according to some 
authors, develop fi.-om tlie end-organs of the sen- 
sory nerve,s of the skin (corpuseies of Mnissner 
and of Markel-K.anvier). 

Pigmented cells [‘Melanophore.s” Maximow and 
Bloom, 1935 ; pigment-prodneing true melano- 
blast, s, Ewing, i934 ; and Arey, 1932] are also 
pre,seiit in the choroid of the eye — one of the site,s 
of melanomata in man — and in certain po,sition.s 
in association with the nervous system. Accord- 
ing to Ewing [1934], ‘ the me,sobla.stic origin of 
the choroidal chromatophores must be conceded 
and Arey [1932] is of opinion that these cells are 
‘ treumeiano blasts and can revive this potentiality 

*Tliese are often referred to as Langerluins’ stellate or 
dendr.itic cells. Maximow and Bloom [1935] apply the 
fcoi’m to altogether* diflerent strnetui’es in the npidermia 
5and doubt whether these are cells at all. 


when stimulated pathologically Eecorded cases 
in human beings, however, tend to indicate that 
melanomata of the eye niay arise not only from, 
the choroidal elements but also from the pig- 
mented retinal epitheliu.in [Ewing, 1934]. 

Erving [1934] declares that melanomata are 
derived ‘ from a specific me,soblastic cell, the ohro- 
matophore, probably also from tactile cells lying 
in the epidermis and probably also from nerve 
cells in the derma ’ and. thus summarizes the posi- 
tion, obviously uncertain, regarding the histogene- 
sis of melanomata. In determining the origin of 
the melanoblast various workers have concen- 
trated upon the congenital naevus a potential 
fore-runner of melanoma in man. This has, 
naturally’", not been |>ossible in animals wfrerein 
naevi are not so common and their behaviour as 
melanoma-producers i.s not so well understood. 
Jaeger [1909] in 63 autopsie,s on grey horses 
failed to discover pigmented naevi of the 
skin. 

The histology of the naevus often suggests an 
epidermal rather than a ine,sodermal derivation. 
Umia [ 1893 ] .suggc.sted, on strong evidence, 
the ejridermal origin of naevus cells by 
metaplasia of gi‘Oii]>s of epider,mal cells a view which 
ha.s attracted several followers. Among them, 
Dawson [1925] hokls that the basal, epidermal cells 
are true .raolanol)la.sts which may migrate into the 
dermis to form naevus cells, since bridging strands 
of cells between the naevus cells and the epidermis 
have been repeatedly demonstrated. That ecto- 
dermal cells are capable of producing mealnin is 
further supported by the pigmented cells of the 
retina and by the occurrence of undoubted mela- 
notic epitheliomata in man [melanotic whitlow, 
Hutchinson 1886] and animals [M’Fadyean, 1890; 
McGowan, 1928; Jack, son, 1936]. It .must he 
admitted, however, tliat such tumours are rare. 
While Post [1894] claims [rigment formation in 
mammals as tlic almost <3xelusive function of 
epithelial cells, and while as histological studie.s 
of naevi and earl_y melanomata point towards the 
conclusion that ‘ epidermal pigment arises in the 
epithelial cells ’ [Ewing 1934], there are others 
[Ehrmann, 1885 ; x4eby, 1885] who consider that 
epitlielial tis.sue can form no pigment' but may 
accpiire it from waudering pigmented connective 
tissue cells. 

Others [Pini, 1902 ; Rieke, 1903 ; Jaeger, 1909] 
look upon naevu.s cells as modified fil)robla,st.s, 
i.e,, derived from mesodermal elements. 

Pigment formation, at least in the lower rnain- 
mak, is recognized by many' to be essentially a 
function of specific mesoblastio cells, and it ..seems 
certain that both in man and animals mo.st, thougli 
not all, melanomata are of mesodermal origin. 
M’Fadyean [1933] interprets the characteristic 
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' tolerance of the tissues towards the 
me]n.nin.-forjiiing cells ’ of melanoma as a point 
perhaps in favour of a, mesoblastic origin of the 
tumour. At the same time it appears certain 
that in dealing with melanomata in man, the elabo- 
ration of pigment by epiblastic elements must 
also bo considered [Ewing, 1934]. 

it is suggested [Ewing, 1934 ; Maxiiiiow and 
BIooui, 1935] that 1 he pigment-forming cell arises 
very early in the formation of the mesenchyme 
and exhibits specilic properties, some of which 
rf'.semble those of epithelium, and that this would 
explain the. tendency of some melanomata, the 
so-called melanocareiiiomata, to manifest an 
epitheliomatous histology. Eibbert [1897]^ and 
others are inclined to attribute aU naevi and 
melanomata to aberrations of the mesoblastic 
raelanoblast. According to this view^, the pig- 
ment in the epidermis is derived from the dermal 
molanoblast (mesodermal chromatophore) and the 
formation of naevi and cutaneous moles wmuld 
follow excessive deposition of the pigment in the 
skin, leading to proliferation of epidermal cells 
with pigment formation [Ewing, 1934]. Summing 
up the contention between the epi and mesodermal 
origin of the chromatoxihore, .Ewing says ' the 
histological data appear to me strongly, but not 
deci,i'vcly, in favour of- the exnthelial origin , 
while the theoretical considerations are all against 
the exKOiieliai theory’. 

Tae suggestions of some earlier authors [Demi- 
c'villo, I83d ; Ziegler, 1908 ; Jaeger, 1911] regarding 
the endotlieiia r.aud perithelia! origin of naevus 
••ells has found little siix>port. 

Eecldinghanseii [L882] and subsequently others, 
have x>rodiieed .strong evidence to sux>port the 
contention that pigmented naevi and neurofil)- 
1 ‘omatosis are related conditions. Nerve Jilrills 
liave been detected in grouxts of naevus cells by 
8oldan [1899], and by Ma.ssoii[1926] who has shown 
that naevi and melanomata arise from cells of the 
end-apparatus of cutaneoms sensory nerves 
(Mei.ssner",s and MerkeFs co:rpu.sole,s) and that the 
two should bo considered as disorders of the 
nervous s 3 ''stem. The cells actually x>roliferate in 
the, neoiriastic x>i'Ocess, but their origin is not 
dehnitely known. Masson’s findings are expressed 
in the following quotation from Ewing [1934]. 

’ In the derma, the naevus cells come from the 
cells of Meis.sner’s corpuscles, in the epidermis, 
they come from the cells of Merkel-Eanvier, anci 
IVom the clu’omatox>hore.s, in both situations, 
does not attempt to decide whether, the 
involved are mesodermal, glial, or exwdermal 


out reservation, con.sider thi.s cell to be of meso- 
blastio origin [Beattie and Dickson, 1926]. But 
the view, in keeping vvith oui* j>resen.t knowledge, 
should be tlie one exxm\ss(;d b,y Ewing [1934] 
Pigmented cells froin .melanotic* sjireonui have 
been shown t( I IV. veal in tissue <‘nilin'e,s j t'ij'and.. 
Chambers and Cameron, lOlfi) I eha.riu-tor.s eoti- 
.sistent with a mes(‘nehy,mal oi'igin. But this 
by no means jcreelnde.s the* possibility, not 
yet exhaustively invc'stigated, that ec‘lls ta.keu 
from melanotic carcinoma will reveal <‘pithellal 
characters in tissue cultnr'es. It may be- stated 
here that Caylor and Sohlotthauer [1926] 'were 
imsitccessful in their attempt to transx^lant 
porcine .melanotic exdfhf'homata. 

The position wn'th regard to equiiu* mtdinoma- 
tosis is far fi'oin sa.lisfaetor\'. The work of van 
Dor.ssi-n [1903 j on tlie liistology of eepiine skin 
shows that, in eoloui'ed hors(>s of all ages, the ej')i- 
d(‘nnis is pigmentf'd and Hu* (•uti.s (h'void of 
pigment-i'ells, hut that in aged gi'ey horses, the 
opposit(‘ is iho ease, rnforl unatel\ , information 
on the* situation of pigiiu'nt in tlie skin of givy 
foals is not available foi' aoinparisem. Vbui ilors- 
-sen snggvst(*d tliat tiie })igmcnt is conveyed to 
the epidermis b\' deu mal (i.e. mesoblastic) melaiio- 
blast'S and that in aged gi'ey liorse'.s the deinaiul for 
pigment is so much diininisluMi that- it accumulates 
ill thf* cutis and, follouing the njrset in pigment- 
.nietaholism, tlu^growtli of melanomata results 
(as mentioned earlk-r). On t.lie contrar\- Sehwallx* 
[1893] found nothing to indicate tlie tran.sport 
of pigment from cutis to epidi'rniis. Nfire-how 
view.s the irequeney of tlie tumour in grev horses 
as an evidence* oi' eeuigeuital elyserasia, although 
why this shendd be so particularly in the ur<.iy 
liorse is not (*xplaiiied. 

Whate*vej* the* origin of the .melaiietlihisr, the 
(.|ues.tion still remains. VVliat is it that transforms 
it into a nest plus tie- ce-ll!! The hi.sto!'}' of cemtu- 
sion in one* of our eu.uiiie mehinomata (UlU/l927j 
unel the diseeive*rv of filaria-sis in a betviue tnnioiir 
(958/11)26) may. however, have interest in view of 
the statvine-nt of Kettle [l‘.)25J that in three oi' 
his case-'s in imni a history' eif previems injury by 
a. rn.st.y nail was a,ssoeiatcd with the developme-nl 
of umlanemia em the .Iboi., in tin; ab.^e-nce of a 
j>re-cxi.stlng nietle. Vet, one- finds I! difiieult to 
e.\]ilain ibe* ueM, orioiis .su.sccpt itiilily ed' aiie-d gi'ey 
hor.ses to melauomato.sis on the* tlieoi'y of chronic 
docaJ’irritation, eifto-’^aerni.r-' etr of mieroparasitic 
.invasion, for these hictors must opt'rate* equally in 


Whereas in tlie oxfinion of certain authors, the 
evidence favours the epithelial origin of the 
tnelanoblast [MacCallum, 1932], others, not with- 


^'Siiice writing, a pajici- Jms <i,£)jitifU'e(l hy Jliulufii i 

wherein he meutioiis tlml. he Isas sueccoded in prodnoiim 
growth of black hair around ncc'dlfs-punctun-'j if, rabbit:' 
inoculated with iUiWh(>ria i.uicin, lie .iuggo.-ls that 
injuries such us saddie.galls and iuseci,.bite^ may induce 
a de or hyper-pigmentation of 1 1 skin. 
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koivsefc; other iiuui grey. Apart from possible 
■I’acial' causes, .hinted at by Virchow as ^coii- 
genitai dyscs'iisia' and by M’Fadyean [19.S3] as 
^predispositioJi by uiutatiojih there exists another 
suggestion: Post [Ls94] inoriniinated injurious 
siii:.)stanees procluctal locally iyy melanotic cells 
for jirox-olcing a. ]ie()j>lastic rt.'sponse on the part 
or these eolls. F.ppingcr ilblOj regards 'the 
excess of jagnient aiul its prodnets, especially 
iudol arnl skatol. as tie? cause of overgroM-th of 
the coils'. 

SriMMAKY 

1. An accoitni. is given of specimens of meiano- 
jnata of douiesticud'd animals aconniulated in 
this In.'^titute. ''I'heii' general histological structure 
is indicated and. wiu'ia* available, the clinical 
records and auloj)sy tindings have been added, 

2. No at1em]»t is made to elucidate the problem 
of hist<;genesis ol' these tumours but only a general 
review of the a vuilible litera.ture is given. 
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Ajldcndvin 

Since writing, a spcciiiK'n of bovine , malignant 
uielaiioma was addt'd to our collection (Spec. 
115/1938). The niatm-iul was fro.m a (tow saiti to 
ha,ve died (.)f gen(?raliKed inuitiple luelanomatosi.s. 
Th(‘ history of Iho animtd was that it had dtjvelop' 
ml, about a year before death* a ‘ tumour -lihi* 
ulcer ’ on. the hind quarter of the udder, which 
healed, up in a few days. Six months later, tlut 
(a)w calv(td and after twA» months the. lesion re- 
curred, rapidly becoming large and producing 
febrile symptoms with progre.ssive emaciation and 
dy.spnoea.. The cow was operated on for abscess *, 
On opening the lesion, a yellowish fluid (Escaped 
and a. .soft tumour with, very deep extensions wa,s 
removed. Tlie patient die<l the next day and 
revealed at autopsy multiple Idaok nodules in ail 
internal organs, especially in the lungs, liver and. 
kidneys. The colour and age of the cow could not 
be ascertained. 
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Experimental Tuberculosis in Zebu Cattle 


lx |nirb It of tliis paper attention has been 
drawn to the very low” incidence of tuberculosis 
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in Zebu cattle in .India and ’.I’ropical Africa, 'liih 
remarkable, paucity of tul)e3-culo.sis doe.s not, liow- 
ever, apply to all cattle in Wiirm climates, for iu 
Uganda there is th(.^ Ankole brfav.l. oi.' (.‘.attic 
in which tuberculosis has provaz'd to be extrenudy 
widespread. 
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Tile mvironmeiital conditions appertailiing to 
cattle hiisbaiidi’y in tlie tropics as compared 
with cokler climates has on occasions been 
brought forward to explain these circnnistanees 
[Hornby, 1934], but, as pointed out earlier, 
this cannot be accepted as the true explanation. 
The tubercle bacillus as found in Zebu cattle has 
been said to be of lower virulenee than normal 
[Sheatlier, 1921], but wtien the literature is dis- 
cussed it will be seen that there is little evidence 
to support this contention, whilst in Uganda 
nuiiierous bovine strains have been isolated from 
Infected cattle and all have proved to be of standard 
virulence. 

Lastly the question of race resistance has been 
Investigated and it appears it is here where the 
true explanation lies. 

Experimental evidence points to the fact 
lhat Zebu, cattle possess a considerably greater 
resistance to tubercular infection than those of 
European breeds in so far as standard European 
strains o;& the tubercle bacillus are concerned. 

Literature 

Liston and Soparkar [1917], referred to in part 
I of this paper, concluded as the result of their 
experiment that the comparative infrequency of 
the disease among cattle in India is due to natiual 
resistance rather than to any method of housing 
or keeping cattle in India as compared witli 
England. They also point out that whereas a 
dose of 50 mg. of a cultui'e of tubercle bacillus 
when injected, into English calves invariably 
causes severe goneralized tuberculosis, this does 
not apply to Indian calves, where there appears 
to be a much greatei,* individual variation iu 
resistance. 

Sheather [1921] carried out inoculatio.u experi- 
ments on buifalo and cow calves, using a local 
strain of tubercle bacilli isolated from a tubercu- 
lous bovine. .Eive bufMo calves received 10 mg. 
of culture suboutaneously and five received 50 
mg. Twelve cow calves were similarly inoculated, 
half receiving 10 mg. of culture and half 60 mg. 
i!i|bne of these animals died of the inoculation and 
they were killed off between 152 and 169 days later. 

All animals put on weight and the post-mortem 
examinations were classified as follows : 

(a) Fourteen aiiinials ' 

Slight tuberculosis. 

A lesion at the site of inoculation. 

Lesions in the thoracic glands and pos. 
sibly abdominal glands. 

A lew lesions in the lungs or spleen. 

[b) Five animals 

Extensive but not severe. 

As above, but with the addition of tiiher- 

Qiilous pleurisy or peritonitis or both. 


(c) Three animals 

Generalized but not progressive. Cases in 
which there was evidence of invasion of 
the organs by way of the blood streams 
with the production of iiiimeroiis lesions 
in the lungs. 

The results are ooinpared with those of the 
Hoyal Commission on Tuberculosis (2ild interim 
Boport, Part II Appendix, Yol. I, p. 34), which 
showed that a suboiitaneous dose of 50 mg. of 
culture almost invariably produced fetal gene- 
ralized tuberculosis within seven weeks and in 
the case of a 10 .mg. dose 60 per cent died within 
eight weeks. 

The author concludes from his experiments 
both on rabbits and on cattle that the virulence 
of the tubercle bacillus isolated from Indian 
cattle is lower than thai isolated from cattle i.it 
Europe. He states : 

Tllen Liston’s experiments indicated that Indian 
cattle, are less Miseojhible te iiifectiou uitli 
the tuberel(‘ baeillus |})aii IhjghsJi animat'- when 
tested witli a virus ef Eui'opcan origin.’ 

‘ The exj)eriments here recorded indicate Unit 
this is not the sole oj* possibly even ihe most 
imiJortant factor in delermining the com}>aratively 
frequent oce.iuTenee ol' tuberculosis iu Indian 
cattle. They appear t(> indicale beyond 
all possibility of doubt that tlie strains of tubercle 
bacilli affecting cattle in India- possess a distinctly 
lower degree of virulence tlian tubercle bacilli 
iosolated from cattle in Europe. 

‘ A point which would appear to support the 
vieAV that the lower virulence of the organism is 
the more important factor is that in practically 
every instance the natural lesions which have- 
come under observation have lieen restricted 
to a few glands and have been to a very .large 
extent calcified . ' 

Soparkar [1926] carrif'd out a large-scale 
experiment to test riu* susceptibility of various 
Indian breeds ef cattle te I iibwculosis. A ty})c 
strain obtained from the .National collection was 
used in a dose of 60 mg. i neculat ed subcutaneous . 
ly. One hundred and forty-om^ ealve-s were used 
in the experiment, and the results sJiowod 
that whilst a eonsiderabh*. number (18) [u'ovod 
very? resistant and remained well and livfjd 
beynnid 90 days, fciu' susceptibility' vafhai consider- 
ably?. Ninety-three, diial of acut(‘ geju'ralised 
tuberculosi.s in pei-iods va.iying fnun i7 tf> !0J 
days. Appa,r(‘Utly out oj‘ the.se. Ji3, nnly 
showed the v<M'y s<iver<‘. typo see'll in English 
ealves. 

The author summarizes tlu- position in tin- 
following pai'agrapli : 

‘While the expcrimenis ol‘ i-lie Boyjil tVmiini.--- 
.sion on ‘ruherculo-sis slmv tluU. a flose. ot' 
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50 mg. of culture of bovine origin given 
^ubciitaneoiisly i,s almost invari&bly sufficient tc 
overconie the resistance of English (Jersey) 
cattle, and, with rare exceptions, produces genera- 
lized tuberculosis of a severe type which proves 
rapidly fatal, tire results of the present experi- 
mc'iits would indicate tliat a certain proportion 
of Indian calves equally small in size remain well 
after similar infection, and, when autopsied, 
show’' slight or minimal lesions, indicating that 
they are possessed of very high jiowers of resistance 
to tuberculosis as compared to English calves.’ 

Soparkar [1927], in a paper dealing with the 
virulence of tubercle bacilli isolated from cattle, 
in India, reviews Sheather’s [1921] results and 
quite rightly draws attention to the fact that 
Sheather used cultmes W'hich -were six months 
old, which of course detracts considerablj?' from 
the significance of his results. 

Soparkar carried out inooidation experiments 
on rabbits and calves, using both European and 
Indian strains of tubercle bacilli. Of the Euro- 
pean strains actively growing young 
' cultures were used, also cultm’e.s which were six 
months old. Of the Indian strains only young 
cultures were used. 

It is difficrdt to draw' definite conclusions 
from the ;resi:dts, but it is quite evident that the 
European strains six months old rvere not l)y 
any means as virulent as the young cnltures, 
either in rabbits or calves. It is niifortnnate 
that six months old Indian straiirs w'^ere not 
used in order, to make a direct compari.son wu’tli 
Sheather’s work. 

Two series of calves were inoc'ulated, one with 
21 -day-old European cultures (Tabhj V), and 
^ the other with Indian cultures of the same age 
■ (Table VII). 

On examination of Table. V, i.e. the inooiiia- 
tions with European, cultures, 13 of the 24 
calves died in an average period of 40 days 
whilst Table VII, i. e., the inoculations with 
Indian strains, shows that 15 calves died out 
of 19, but the average period of survival was 
71 days. 

It is difficult to say on the.se results whether one 
strain is more or less virulent than the other. 
However, a number of calves inoculated with the 
[ndian si rains did, in fact, die of acute generalized 
g r.uboreulosis in the same war^y as those Inoeulat- 
<'(l with a known virulent strain of European origin. 


proved highly virulent for rabbits in the same 
mamier as the type European strain. 

Soparkar ’s findings are as follows; “The 
rarity of gross tuberculous lesions hithert<,> 
observed among mdigenous cattle and the usual 
tendency of the lesions to remain localized in 
affected animals, camiot therefore be ascribed 
to any iiotew-orthy difference in the virulence of 
the infecting organisms.” 

It must be remenibered that the iiidigenoii.s 
cattle of India are Zehn in type. 

Experimental 

The object of these experiments was to ascer- 
tain how Zebu calves reacted to a test dose of viru- 
lent bovine tubercle organisms with a view to 
discovering whether any resistance to tuberculosis 
did in fact exist in this breed of cattle. The 
opportunity w^as also taken to test calves of the 
Ankole breed for comparative purposes. 

Technique. The dose of organisms was fixed at 
50 mg. (Royal Commission on Tuberculosis) 
and w'-as given subcutaneously. All calves were 
previously tested with tuberculin by the double 
intradermal test and only .no.u-reactor.s used 
in the experihient. The strains used were B.V, 28 
and B.V. 34, kindly supplied by Dr. A. S. Griffith 
of Cambridge as being typical dysgonic virulent 
bovine cultures of recent isolation. The strains 
were highly virulent for rabbits in doses of O'OOl 
mg. intravenously and 10 mg. subcutaneouslyi 

The cultures w^ere grown on inspissated ox 
.serum and only young, vigorous cultures, not 
more than 1.0 days old were used. .As controls 
to the actual injections of the calves, rabbits 
and/oi' goats wm-e inoculated with appropriate 
doses of the same cultural grow'ths. 

It was intented to kill o.ff all .surviving inoculat- 
ed calves after a period of 90 days and this was 
done in a miinber of cases, but later the .survival 
time wa.s allowed to extend, so as to ascertain 
in wliat manner the tissues of a resistant calf 
would react to a tubercle infection, and perhaps 
enable the degree of i-esistance to be more accu- 
rately assessed. 

Experiment Fo. 1 

Zebu Calf No. 3281 (weight 129 lb.) and 
Zebu Calf No. 2562 (weight 110 lb.) 

Inoculated subcutaneously with 50 mg. of 
six-day-old serum grown culture B.V.28. 

OontroU. Thro rabl)its inoculated with 10 ing. 


^ 'Ibis is iiripjortant and i.ndicate.s that the Indian 
.-■tj-ain w'us not of markedly low virulence, and that 
individual diffei’ences existf?d in the subjects 
inoculated. 

It will be recalled tlint none of Sheather’s 
U921] calves died, and when killed they only 
local lesions, .All the Indian 'strains 


of the same culture subcutaneously. One i-abbit 
died 18 days later. Post-mortem examination 
show^ed a tuberculous abscess perforating the 
lumbar muscles into the peritoneal cavity. Liver, 
spleen and lungs lull of small tubercles. 

The second rabbit died after 58 days. Post- 
mortem examination showed acute generalized 
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r,ii])ei-culo,’^i>s, Lo^ul abscest^. Lungs, spleens, 
kidn(\\' iind all glands tuberenlons. 


Zebt ('alk No. .■i2SL 

Killed after a period of 90 days. Condition 
fair. Weight same as at time of inoculation, i. e., 

! 29 lbs, E egional gland (right prescapular) eiiiarg- 
(m 1 and indurated and on section contained firni, 
dry, caseous material tending to calcify. A 
soft purulent abscess in adjacent subcutaneous 
tissues. Presternal gland enlarged and indurated 
and on section sho%?ed fibro-caseous material 
lending to calcify. Liver showed numerous 
very tiny miliary tubercles below the capsule. 
Hepatic gland slightly enlarged. Lungs normal 
in consistency but containing nnmeroiis very 
small translucent miliary tubercles. 

A guinea pig inoculated with 0*5 c.o. of an 
emulsion from the prescapular gland died of severe 
generalized tuberculosis 106 days later. 

Sections. Lung : Interalveolar septa generally 
thickened and congested with occasional circum- 
scribed consolidations composed of fibroblasts 
and lymphocytic cells disposed in a matrix of 
structureless material with or with 
on;, a calcified centre. No giant cells present. 

Liver. Very small tubercles— few in mimbei'. 
Epitheloid cells almost entirely replaced by a 
ring of lymphocytes. Centre of tubercles shows 
destruction of liver and in some cases complete 
necrosis, whilst in other cases there was an 
infiltration with lympliooytes and epitheloid cells. 
Giant cells frequent. 

Zeb'O' Cal'f No. 2662. 

Killed after a period of 90 days, increase 
in weight 34 lb. Condition fairly good. Itegional 
gland (right prescapular) consisted of a large 
caseo-fibroiis tumour-like mass. Prestemal gland 
enlarged and gland substance entirely replaced 
by dry caseo-flbrous material tending to calcifica- 
tion. ’ Spleen showed a. few miliary tubercles 
scattered throughout the pulp. Liver showed 
numerous miliary tubercles scattered throughout 
fche organ. Lungs showed a few discrete fcranslu- 
oent miliary tubercles. 

The impression obtained from the post-mortem 
lixajnination of these two calves was that the 
general tendency was one of resolution and 
healing. There was a distinct tendency to cal- 
1 ‘ification in the gross lesions in the glands whilst 
tlie miliary tubercles in the parenchyma of the 
organs were discrete and firm in consistency, 
caving the impression of sequestration and 
resolution. 

'.fhe pulmonaiy tubercles in calf No, 3281, 
<ieseribed as translucent, appeared to he under, 
going a hyaline <jhange. 


■ ^ liperinieiit No. ^ 

(1) Zebu Calf No. 3279 

Eeceived 50 juu. sufauitaiK^eiiwh oi strain 
B.V. 28 on May 31, 1938. KiJic-d .May 20, 1939., 
Duration of infection : 354 days. W<-igld, ^ at 
commencement; 132 b>. Weight e.t es»iu-hisio:a : 
284 lb. 

.Post-mortefti . (’onditiuit griiul, kcgioiial 
gland (right pi'c'sc'upnlar) aboid iwire saa-mai 
size and surrounded .i\\ a Ihiek !il)i'oii^ cau.suie 
A tuberculous abscc.ss alxuit liu- sizt' o! a walnut, 
well encapsulateil and I'outaiuing di'^ caseo- 
fibrous material is seen at tlm upper oi th(‘ 

gland. T,he r<'st of the gland is norma! witli tlia 
exception of a small encapsulated absces-s about 
1 c.m. diameter containing dry (•aiclti(Hl tuber- 
euloiis material. No lesions in the Inng.s 
and rest of body norinal. 'This aninuiL has 
completely reeov<H-ed troni the tuherculons iu- 
fectiot) and wa.s in pt?iTeet iu'alth. 

One guinea pig inj(a-ted wiib 0'5 t-.e. ol etuuLsi. 
liiid preseapiilar gland tlied oi‘ generalized tuber 
o.ulosi.s after 189 days, v 

Section-'i. .Lung : The .seel ion iuis all the 
charaebTisties of a, nomial lung. There, .ippears 
to be a. slight thickening of sonm of tin* interal- 
veolar septa, and tluau aro very occasional tiny 
eircumsciibed.libro.sefi areas invohlng perhajKs 
six or sev^eii alveoli. I'lu- HI.»i‘ons is laid- 

down in a eoncenlrhi manner and in tin.' cfuitre 
there .ma>' be a microsco|)i(^ ea-vit^y or u small 
dot of calcified matei’ial. 

(2) Zebtt (Ale No. 3277 

Ee.eeivefl 56 :ing. of strain IhV. 2 n on .May 3>.!, 
1938. Killed .lanuary 14, 19.39. i)r«i;ition ol 
infection ; 228 days. Weight at eomimmeciuent : 
153 lb. Wiight at i-oneluNinn : 243 lb. g 

Posl-niotifoti . Exf'elient condition and .show." ' 
every sign <»!' hfadlh. Itegional gland (.right 
pre.seapuiar) alxuit. tliree times lua-inal size and 
full of creamy ydiow pus t'orinijig a. hirge tuber- 
culous absef'.ss. Liing.s showetl a bnv scattered 
millet seefl-likf' luhereh's — lie.rd and f)!)vioiisly 
healed. 

Spleen normal in size and showed old millet 
seed hard tubercles showing oaiiy ealeilieation. 
Middle cervical glami iirmiy em-apsidalnd fusd 
containing eH.seo-euleare<jus mattej. 

Mediastinal glnnrl sliglit ly nti/aiged ami iiidni'al- 
ed . 0'5 e.e, of caseous mattci iVfJui pj'nsf'.-ijitilar ^ 

gland e;mulsili('d aixl in joi'IcO .suhi'niaufou.sly o’. 
into two guimai. ])igs uliich died oi’ aciitf' genera- 
lized tuberculosis 12-1 day.i iatci-. 

This animal sliowial iniei'iiiit tent }i_\-re\ia ior 
the finst Tuorith but gaiiaa! nteadily in ueighi. 

Section. Lang: .i\h):-l of the ,'<(‘e|ioii allow,- 
normal lung tissue, 'rix're an- oeeasional .-sreas 
where the alveoli an- tilh-d wilii a eelluiar cAiulat.g . 
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composed oJ‘ t-pitliftioid and lyniphoeytie eells 
wiiilsi' tlKTC are also occ-asional aoncentric fibrosed 
focd hiYoIvbig a few ah'eoii, 

(3) Zebu Cai/e Xo 3275 

Pveceived 60 mg. of strain B. V. 28 on 
iMay 31, 1938. Killed May 20 1939. Duration 
of infection : 354 days. Weight at comnience- 
lYK'idi 185 lb. Weight at conclusion : 380 lb. 

Po-‘!i--ijior(c})i. Shecelleut condition and appears 
^ ii! pcifect lirnllh. The only abnormality seen 
vras the regiorud glaiui (right prescaxmlar), which 
was abotit twice i iie normal sixe— hannorrhagie on 
swiiuii ;u]«i shoeing an encapsulated tubereu- 
ioiis al>soess aliout i c.in. in diameter and contain- 
ing nbro-caseon.'^ material showing early calcifi- 
cation. Lungs, spleen and al| other glands 
noi'jtiai. 

This animal had obviously recovered from the 
1 aberciilmis infection and shows almost complete 
rc.'.iistance. 

It sliowed intermittent pyrexia for the first 
t lnr-o weeks S)ut gained steadily in weight, 
t fSecHo7i.s. Lvn{/ : Lung normal except .for very 
occasional ininiiU* circumscribed librosed aonxs 
involvJjig only on<‘ or i \vo alvtMjli. Tliere are also 
\a‘ry occasional nrt'as of cireimisrcibed coiisolida- 
I ion <‘onsi.sl ing- of a, mass of .lymphocytes rathej- 
ivsejjibling a lymph node. These nsually occur 
nea.r a. sinuli Inonelnole and occiq)y thu'c or 
lour alveoli only. 

Po-)itrnI.% (1) Rabbit No. 1071: Becauved 10 
mg. oi' .B. V. 28 on May 31, 1938, sulicubaneously 
and died aib'r 92 days of seveu’e generalized 
tuhcrcidosis. Rofii-}tiorfetii ; liOcal abscess. 
®;^rulH'reul(jsi,s oJ' lungs and s])leen and all glands 
and i-aiscd tulxa-cJes on kidneys. 

(2) Rabbit A'o, 1072: Beedvi'd 10 mg. of 
l-i.W 28 oii May 31, 1938, siil)cutaneous]y and 
di('fl a ft (‘I- 99 days of severe g(meralized tuber- 
cnlosis. PoM-inoriem : .Local abscess. Tuber- 

culosis of Jungs and s])leeii and all glands. Raised 
i nbert-les !)n kidneys. 

Experiment No« 3 
ZuHi: (Mle No. 3274 

Bcceivcsl 50 mg. of strain B.\^. 28 on August 
27. 193S. KiJh'd .May 20, 1939. Duration, of 
iiiieetioii : 20() days. \Veight ai‘ coiunuaicement : 

! 10 il)s. Weight at couelusior. : KiSlb,^. 

■'* Po.^l-iiiorPm. hair coiulil ion. Jligtonal gland 
(right prc'seapulur) slight ly enlarged and firm 
a,nd .showing a. few <liHcr(te (Micapsuiabal tubercle.s 
aluail the ^ize of pea and tending to calcify. 
.\ ;c.il)cutaii<‘()us tuberculous al).sc(‘.ss iji this region 
Isnd iilready draimd. Cast o-lihrous le-sioms show- 
ing (arly ealcifieai ion wau’c .si'cii in the left pres- 
capular, pre,st(rnal, mediastinal, axillary (right) 
“hepatic and left pi-ecrm-al glands. 


Spleen sho wed iminerou.s .th-m encaps ilia ted 
tubei’oles 3-8 inm. diameter throughout the 
organ. Lungs .showed many tran.sluoent firm 
miliary tubercles throughout. There were 
numerous tubercles 3-4 mm. in diameter scattered 
over the omentum. 

The liver .showed numerous firm small miliary 
tubercles below the cap.sule and Ihroughont the 
organ. All .showed early calcification. This 
animal had not resisted ihe ijifection a.s well as 
others but it had gained in weiglit and the ( endenry 
\vas to complete clinical nstovery. 

Sections. Lung : Thi.s section .sliow.s rather 
more extensive and diffuse area,s of consolidation 
consisting of mas.ses of epitheloid cells in which 
there i,s evidence of early fibrosis. There i.s no 
giant cell formation. There are several circum» 
scribed and fairly large tubercle-like formations 
consisting of masst's of epitheloid cells through 
which there are well-nuirked concojitric stands of 
fibrous ti.StSue and in the ecnitre an irregular area 
of calcification. OtJua,* areas very tiny 

cireumsoribed ar<'as o\’ scar ti.ssue involving 
only two or tliree ahcoli with oi- vatbout a tiny 
“centre of calcified material. 

Cmitroh. Goal Abn UOfi and Goat No. 1107 
inocuhited witli 10 mg. of same strain subcuta- 
neously. Both, died 39 days later and on post- 
mortem showed stwere. mili(uy tuberculo.sis of 
the lungs with a local lesion in the regional gland- 
right prescapnlar. 

Experiment Ho. 4 

Zebu Oale No. 3272 

Weight 152 Ih. Inocnlated subcutaneously 
with 50 mg. of a .six-day-old culture .B.V. 3*4 
on December 22, 1930. Killed 91 days later. 

Fost’-mortem. Weight 175 lb., an inci’ease of 
23 lb. Excellent condition. Plight preseapulai’ 
gland (regional gland) enlai'ged, indurated, and 
full of dry caseo-fibrous miiterial. All other 
glaud.s normal. ljuug.s sliowed a very very 
scattered miliary tuberoles with no perituber« 
eular reaction. 

Sections. . I/ung : A section of a normal lung 
with very rare tiny areas of concentrically ar- 
ranged scar tissue involving one or two alveoli 
and having in the centre a dot of cialeified material 
or a small cavity, or tluy may be entirely solid. 

Liver : Normal exitept for rart^ and very 
.small and irregular-sluipc'd localized iofiltrationg 
of darkly staiued shilatc cells. Beg(‘noi'atiou of 
liver ti,ssue appeared l.o lx* coniiplel<‘. 

Controls. (1) Goat No. 987 ; .Inoculated .sub- 
cutaneously with .19 mg. of the same cuiture. 
Died after 30 dii,ys of sevis'c gencralizt'd tuber 
culosis. 

(2) Babbit No. 986: Inoculated .subcuta- 
neously with 10 rag. of the same oiiltur;!. Died 
sifter 87 days of severe generalized tuberculosis. 
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Experiment lo. 6 

Ankole Calf No. 3588 

■Reoeived 50 mg. T.B. strain B.V. 34 seven-day- 
old ciillui’e on .serum subcutaneonsly on March 14, 
1939, Killed m e/xlreniis April 4, 1939. Duration 
of infection 21 days. 

.Pod-mortfifi. t^alf very emaciated. Bight 
prescapnlar (rcoional lymph) gland enlarged and 
indurated and lying in a mas.s of fibro-caseons 
material. M'ediaatiiia] gland enlarged and in- 
durated, Other glands enlarged and indurated. 
Lung.s distended and full of miliary tubercles. 
Liver — uiimerous miliary tubercles. Kidneys-— 
miliary tuberculosis, fipleen. — miliary tuberculo- 
sis. Thi.s calf .showed no re.sistance to infection 
and died of acute miliai-y tuberciilo.si.s, 

Aotole Calf No. 3585 

Beceived 50 jug. .seven- day-old culture of 
.strain B.V. 34 on serum, subeutaueoiisly on 
March 14, 1939- Died .after 59 days. 

Post-modeui . Emaciated. BotJi, limg.s distend- 
ed and full of tubercle.s about 3 mm. in dia- 
meter. Marked hsemorrhagio reaction around 
the tubercles. fSpleeu swollen and on section 
showed numerous tuberele.s. Prescapular, pres- 
ternal, media.stinal, mesenteric, and hepatic glands 
all tuberculous. I aver — dark in colour, swollen 
and covered witli numerous tubercle.s ranging 
in .si’/.c from a millet seed up to a diameter of 3-4 
mm. Those extended tliroughout the organ. 

Controls. (1) Babbit No. .1177 : Inoculated 
intravenoush’ with O-OOl mg. of same culture. 
Died after 41 da;\',s. Post-mortem : Severe 

generalized miliary tuber eulosi.s. 

(2) Babbit No. 1178 : Inoculated subcuta- 
neously with 10 mg. of .same culture. Died after 
il7 days. Post-mortem : Severe generalized 
tuberoulosi.s. 

Experiment Ho. 6 

Ankolb Calb No. 3583 

Inoculated with 50 mg. of stfaiii B.V. 34 on 
March 15, 1939. "Weight : 252 lb. Died 

August 16, 1939. "Weight : 260 lb. Duration 
of infection : 154 days. 

Post-mortem. Condition poor. Lungs show 
numerous miliary tuhercle.s. Liver .showed miliary 
tubercle.s. Regional gland enlarged and full of 
caseous material. Grknds generally enlarged and 
indurated. 

Zebu Calf No. 3682 

Inoculated wdth 50 mg. of strain B.V. 34 on 
March 15, 1939. Died on October 25, 1939. 
"Duration of infection : 194 days. 

Post-mortem. Calf in poor condition. • The 
only sign of tuberculosis was a number of small 
millet .seed tubercles in the .spleen and an absenss 


in the regional gland. Lungs and liver— normal ■ 

This calf was suffering from a severe gastro- 
enteritis w’hich wa.s the probable cause of deatli. 

Control, (joat No. 1171 : Inoculated sub- 
cutaneously with 10 mg. of the same ciiltm-e. 
Died after 41 days of acute miliary tuberculosis. 

Discussion 

The effect of the tubercle bacillus on th© 
tissues depends on the virulemje of the particular 
strain used and on the re.si.stance of the host . 
Thus the reaction will differ with similar host.s 
inoculated with different straiim and the same 
standard .strain may provoke different reactions 
in hosts of the .same , specie, s. Ifurther, it lias 
been observed that the reaction of a .siisoeptibie 
host to a .strain of low virulence i,s similar to that 
of a resistant ho, si to a fully virulent organi.sni. 

In the.se experinumts th(' .strain of tubercle 
baciUms was of a slandaixl virulence and, the 
object wiis to dderinitui the degree of re.si.stance 
of the hosts concerned -Zebu cattle- -in view oi‘ 
the observation, s in "Cganda whieli wii'e recorded ‘''•. 
in. Part I of tlii.s papci-. 

It is generally acce])ted that a bovine .strain 
of standard virulenc'e will kill an average calf 
of the Eiu'opean ])recd.s in about 10 weeks when 
inoculated suboutaneou.slv in a d.o,se of 60 mg. 

[A. S. Griffith, 1930]. ’ . 

Prom the result.s obtained it will be seen that 
of the eight Zebu calves inoculated all .showed 
a marked degree «:)f rtvsistance, vvhilst the three 
Aukole calve.s show^ed little re.si.stance and reacted 
in a similar manner to European breeds. It 
would .seem that in the resistant Zebu calves 
there wa.s a marked generalized infection which . 
was gradually overcome to a, greater or ies.ser V', 
extent, depending on the degree of individual. 
refsistance, but in all cases there was sufficient 
resistance to pre.ser\m health, whilst in some an 
almost completely succe.-!sfnl reaction liad taken 
place. 

Thus calves killed at 90 days after inoculation 
.showed macroscopic evidence of a fairly .severe 
infection whilst those which were aUow^ed to 
survive for longer period.s up to 354 days improved 
markedly on the earlier ones and demonstrated 
a progre.ssively .successful and almost complete 
re,sistance to a lethal do.se of a \'irulent .strain of 
tubercle bacilli. ^ 

The sections examined, althougi», few 
number, demon, strate tht; gu'iierai histo-patho- 
logical process of recove.ry. 'rhu,s in the calvc.s 
allowed to survive 90 days then' wa.s evideiusi of 
marked ti.ssue reaction going on in tlie lung.s 
whilst the lungs oi:‘ jiii animal infected for 354 
day.s were cpiiescent and merely .showed a f<.nv 
scars to indicate the battle whieli it has suc(;e,‘jfe. v ^ * 
fully survived. 


A. 

'J^ke rabbits and goats, as controls, amply 
demonstrate the virnience of the strains used in 
each individual inoculation. The above results 
have been obtained with standard European 
strains and work is in progress to test out locally 
isolated virulent bovine strains in a similar 
manner. 

Summary 

The results of inoculating subcutaneously 
eight Zebu calves and three Ankole calves with 
50 mg. of a bovine strain of tubercle bacillus of 
standard virulence are recorded. The Zebu calves 
showed a marked resistance to tuberculous in- 
fection as compared with calves of British breeds, 
but the Ankole calves, on the other hand, proved 
equally susceptible. 
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A CLINICAL SUEVEY OE INTOXICATIONS OE CATTLE BY SUDAN 
GRASS (SOBOHVM SUDANeSE) 

By A. L. Rose, B.V.Sc., District Veterinary Officer, Cootamundra, N. S. W. 

(Reprinted from the Aiistralimh Veterinary Journal Vol. 7, ISTo. 6 Deo. 1941.) 


Inteoduction 

In the past a good many misapprehensions have 
existed concerning- the toxic properties of sudan 
grass and its hj'^brids. It has been stated often 
that pure Sudan grass is not toxic and that mortali- 
ties occur because impure seed is used by farmers. 
Sorghum has always been regarded as highly toxic, 
and sorghum-sudaii grass hybrids are said to in- 
herit the toxic properties of sorghum. Clinical 
observations made during the years 1931-1938, 
inclusive, throw a great deal of light on the whole 
question. The clinical data concerning some 
thirty-six mortalities have been tabulated and 
surveyed with, the object of furnishing held evi- 
dence in support of certain contentions. In pre- 
senting this data in tabulated form it is admitted 
that much quite important clinical material has 
had to be omitted., but the inclusion of all the 
relevant observations w'ould make the recorded 
matter much too unwieldy in form. 

During the heavy mortalities of 1931, it became 
imperative to take advantage of the material 
offering for investigation, and a great deal of valu- 
able work was conducted at the Glenfield Veteri- 
nary' Research Station, much of which confirms 
clinical findings and places some asiiects of the 
unatter on a more exact basis. 

The object of this article is to record relevant 
clinical observations. Discussion will be confined 
to the subject matter given in the accompanying 
table and will be arranged under appropriate 
headings. 


The identification of plants and seeds 

It became obvious in 1931 that allegedly pure 
Sudan grass seed {Sorghum Sudanese) was capable 
of producing crops containing plants which differed 
widely in characteristics. The so-called pure 
forms consisted of heavily stooliiig plants bearing 
a multitude of fine stallis, long narrow leaves and 
uniform, fine seed. ITie height of the plants was 
usually from two to four feet and they had the 
general appearance of a ‘ grass’. Coarser forms 
had fewer stalks, which were much thicker, grew 
much taller and carried much coarser leaves and 
irregularly shaped seeds. Sometimes one en- 
countercid a crop which looked nearly pure, while 
ill other cases many, or even the majority, of the 
plants showed all grades of coarseness. It ivas 
found that botanical experts had some difficulty in 
giving a precise opinion upon specimens submitted 
for determination, and for this reason the name 
‘'sndan grass’ as used in the accompanying table 
means a plant grown from certified sudan grass 
seed but which may have developed any of the 
characteristics described above. 

It soon became very apparent that no differetice 
in toxicity existed between any of the forms of 
crops which developed from pure seed. In other 
words, it was obvious that toxicity did not depend 
upon hybridization wdtk the coarser sorghum 
species and that the fine and pure types of sudan 
grass could be just as toxic as the hybrids. The 
field observations on this aspect of the matter are 
supported by analytical data secured by the 
Veterinary Research Station, 
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Toxicity in relation to stage of C4Bowth 

It has been stated ofte-n that the crop in flower 
or seed may be fed off with impunity, but clinical 
observation proves this assertion to be utterly 
erroneous and dangerously misleading. The clini- 
cal observer does not quickly forget the occasions 
when he arrives at a farm to find a Sudan grass pad- 
dock of several acres with most of the crop in flower 
and seed, and a dozen or more dairy cows dead and 
dying after a (piartcr of an hour’s grazing. One 
good example of such a crop was No. 29 in the 
table. It has been argued that it is the immature 
plants tliat are toxic, but against this one has been 
careful to submit leaves from the mature forms for 
analysis. Moreover, the farmer who risks Ms 
cattle on unsound advice is not concerned udth any 
neat distinctions, and if the crop is well grown and 
in seed then that is good enough for him, hut to his 
undoing. 

Tt u'ili not be denied that immatiu?e crops are 
prol)ably more toxic than mature crops, Wt it 
must be stressed that oliiiical observation indicates 
that the plant is never safe. 

It seems fairly obvious that some distmbance to 
the even growth rate of the plant is the main factor 
in rendering it toxic. It has often been stated 
that a stunted crop is the more dangerous, but 
such has not beep borne out in these observations. 
How intimately the toxicity factor is bound up 
with seasonal conditions will be shown in the table 
and in the next paragraph. 

The effect of seasonal conditions 
. Sudan grass mortafities always occur in waves 
and one can always anticipate when they are likely 
to occur. Moreover, when one accident occurs it 
is usually followed by a number of others in the 
same or widely separated districts ; and at the 
same time sheep mortalities may occur as the result 
of the ingestion of well-known cyanogenetic plants 
such as Gynoilon sp., Ghenopodium carinakm, and 
Buphorhm dmmmondii. TMs widespread ocoiirr- 
euce and diversity of mortalities in sheep and cattle 
H,s a result of eating cyanogenetic plants is not just 
r>hance, but is due to the occurrence of seasonal 
conditions which favour the production of cyaiio- 
genetic! gliicosidc in the plant, 

Sudan grass is usually planted in the spring 
(Octobei') and with sufficient soil moisture or rain 
a good crop results. This being a winter rainfall 
district, it is normal for the summers to be intensely 
hot and dry, and under these conditions the crop 
does not grow, and oven though it he sparse and 
stunted in the paddock and cattle have access to 
it, no ill-effects foUow. If, however, the croji 
survive.^ till mid- summer and rain occurs under 
conditions of high temperatures, the Sudan grass 
grows prolifically and the common practice among 


dairy farmei-s is to put tiioir cows on to the crop 
for an hour or so each dav’. Under such, a system 
the crop holds its growth, stools out freely and milk 
production increases. Those are the seasonal 
conditions which induce toxicity of crops and 
mortalities in cattle ; but yet another factor seems 
to be necessary and tliis will be discussed under the 
next heading. 

A glance at the table will sliow l;h.c yciiO’s when 
trouble has occurrr'd. 'riiey wr-ro iftsbrunry- 
March, 1931, December, 193 J, January, 1932, ilieri 
uotMng occurred until the series commencing in 
December, 1934, and ending in Jaimary, 1935. 
There was thereafter again a period of immunity 
from trouble till December, 1937, when followed 
another series of losses w'hich ended the: irw-J 
month. 

The fart played by grasshopper invasion 

The seasons aheady referred to as favouring tin*, 
good growth of Sudan grass are also those whieJi 
favour the hatching, swar,?uiug and invasion of tlic' 
district with grasshoppers. 

These pests advance* up tin* \-alleys of creeks ami 
.rivers and attack anything that is grec!!*. »Sndan 
grass they devour in. any stage of its growth and 
remain on it long enough only iu cat the cro]> to the 
ground, so that vif!wed from a little distance the 
paddock appears baj.’e. To do this tlni swarms 
may remain from two to te,n days and then pass on. 
During the visitation many of tlu^ plants arc oaten 
into the ground and are complotely destroyed. 

In a shOAvery siiminer, some ram falls ai'tm- tin* 
crop has been eaten back, warmth (juutiiiues and 
the re-growtb is very rapid. McaiiAvhile, owitpx 
to a lack of feed and in order to allow' the sudan 
grass an oppoi'tunity to recovei*, the (‘attki arc kept 
out of the paddock for a period, generally in th'^ 
region of twm weeks. The first grazing of tlu'. crop 
after this spell is the fatal oiu* and usually symp- 
toms are manifest in about ten minutes. l.n that 
time suffieient of the crop may bi' eaten to kill half 
the herd. A reference to tlie table Aviil show how 
almost invariably the grasslio]q)ers iuive been 
associated with these mortalities, sc» tiiat one has 
(!oine to regard these pests as almost an essential 
factor. It is considered, hoAvever, that; their ac- 
tion nm.st be a mechanica.l one only, and that i.t 
some other factor Avas responsible for cutting the. 
crop in precisely similar circumstances and t'he 
same favourable eonditi(jns for ro-growili occurred 
the crop AAmffd doubtless be just as toxic a,s if eateri 
back by grasshoppers. Factors wiiieb. might occur 
in practice are mowing and heavy stockiug. Tlie 
broom millet crop rofer.i*ed to in No. 35 of tlic table 
is the only one of the series known to have been cut-. 
Gutting right back by grazing seldom occurs, it 
being the usual practice to allow Uj limited daily 
grazing ; but when such has occurred, the herd 
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iism% rotated to al^otiae:l^slldall crop on the farm, loss has not oeenrred, and one wonders therefor 
returning to the original crop when the fii’st has re- if some sort of tolerance to the toxic factor is no 
III these circumstances intoxication and developed by the herd- 


grown. 


Details of 2>oiso7img of stock graznig on Sudan grass 


\!(. 

Date 

rirtiti 

Oondiiion 

.11 OK content 

liesnils 

Ib-marks 

1 


Siiiiau ai'issf; . 

Six iin.dn's liigJi . 

Strong poaith'C to pic- 
rate test 

2 cows. 1 .-uiVi-rcly iill’n- 
ti-d and recoA ered 

.No treatnn-ni 


AJaivii, 1U:!I 


Eiiti-ii rigid down liy 

(1) Sudan, 0-011% , 

Co COAVS. 11 Cleiltll>, 15 

No tventnn-id 


lixbriil.^ 

grassliopiinrs 

(2) Hybrid, 0-015%. 

(3) Hybrid, 0*008% 
(undried) 

rccoA'cries, Deaths in 
25 minutes 


a 

2:!-2-31 

Suilaii . 

Ealuu bare by gruss- 
lioppers two Aveeka 
proA'iously. Short re- 
growth 

0*050% (undried) 

60 COAVS. 2 *llo\M'(l .--i 10- 
ptonis in 10 inimilcs 
and recoA'Crci! 

Ko ti-i.-almeld. 

4 

I4>i2-;j:i 

Sudan, srrass and 

ii\ Ill'll 1> 

Bateu hare In'" grass- 
Jioppera. niaaater on 
regrowth a rveek 
later 

0-051% (undried) 

26eow.s. .Ill allV-ctcL. 
Symptoms in 6 

mimite>. Eir.*t deaths 
in 10 minutes. 17 
dead in 30 miiiule.s 
ilalaiiei- reeiAcred 

'No treatment 



Siulaiii jii'iitis and 
liybridi’ 

Kateu bare by grasti 
hoppers. Mortality on 
re-growth tAvo Aveeka 
later 

Sudan, 0*005% 

Hybrid, 0-066%. 

11 t-oAAS. 1 died in 5 
minute-..^ 1 -ii-l, and 

No Ireatineitil 



.Snd,an and 

liylii'ii'lH 

Eaton bare by grass- 
hoppers. Mortality on 
re-growth. tAVO Aveeks 
hater 

Sudan, 0- 020% 

Hybrid, 0-039%. 

■4 cow,s. 3 ilead iu 15 
minutes. 

No treatment 


io-i-as 

;>inl:tn and 

hylnid. ' 

Eaten bare by gras-s- 
hoppcrs. CoAV (lied on 
ro-gi’oAvth three Aveeks 
later 

Sudan, 0-02.1% 

Hybrid, 0-020%. 

1 cow. Sick ' hi 5 
iiiimite.s, derol in 15 
minutes. 

No treatmeni 


U-I.-32 

Sndaii grin-.s . 

Eaton hy gras.sho])pcrs. 
lle-groAvth coining in- 
to head. 12*18 inches 
high ■ 

0-031% . 

0'02H%. 

5 cp\p,s. 1 sick in 1.0 
minnte.s and died. 

No treatment 

it 

.Jail., :i.032 

Sinialt I,'!':.!!*,*.! . 

In seed 

(J-133% . . 

O-06.S% . . ■ . 

0.()34% 

0-039% 

0-0.14% . 

0-026% . . 

0-066% . 

,f;'e.d with imininlt.v . 

'I’liese .(tgures are ol die* 
tiiict ihti-rivst because 
the eatlh- Aven- never 
taken oJt tin- Sudan 
tinddiicks.- and in spite 
of high .HCJS figuTCfi 
the cropj, Avore gvared 
without aceidenl 

JO 

Jan., lass 

Sudan I'ra-- . 

18 iuchoff. .Not eaten 
hy grasshopper.s 

0-132% . 

Ecd AvithiiofuinH.y , 

Cattle kciifc coni iuuon-' 
1> on Sudan crop.-, 

1,1 

J'an., 19.S3 

Sudan £!,rasi.i . . ! 

i 

Eaten hack by grass- 
lioppers. :Re-groAvth 
.starting to llower 

0'(I26% . 

Fed Avithimpuiiitj . 

CoAVS did :not relish the 
crop after fouh'-d hj- 
gViASHlnipper>! 

12 

IS-J.S-Sl 

1 Siniati graa.'' . 

Eaten back liy grass- 
hoppers and iT-grow- 
ing 

Strong p(«itive to iiic- 
ratc te,st 

16 COAVS. Symptom.s 
iu 20 minutes, ,A.ll 
afFeeted find 5 died 

N-ii lreidn\‘-nl 



iSiiciali uViini:' - 

Ile-groAvfch alter being 
eaten back by grars- 
hoppore 

0-084% (nujisUirc-frec) 

24 cows. Symptoms in 
5mlmite.s. 3 dead. 12 
recovered 

Tiio ,1,2 rccoACi'cd cattle 
Averc 1 rcated Avitl) ether 
hypodermically and 
firtitlcial respiratio'n 

14 

27..ia4,;4 

inKlau . 

Tavo .Icefc and in seed . 

Strung positive to nic- 
rate test; 

12 cows. 6 sick and all 
recovered. Ko synip" 
toms for an hour 

■No treatment 

15 


Sudan, gras^i . 

Sparse and eaten by 
grasshopper.;! hut rc- 
growing 

0 • 71 % (moi-sture-rree ) 

25 cows. Symptoms in 
20 minutes. 13 siok, 

6 died 

Eecoveries treated with 
ether, strychnine and 
artilicial respiration 

!6 

<5-:(.2-;37 

Sudan gras- 

Eaten bare by grass- 
hoppers. Six inches 
rcgroAA’th ivhen grazed 

Strong positive to pic- 
rate test 

80 COAVS. .(Ul uiclf, 2 

deaths 

No treatment' 

17 

IIM ‘1<I7 

Simjkim S2>' . 

Eaten hack hy grass- 
hoppers, and re- 
giOAvth grazed five 
days later 

Strong positive to pie- 
rate test 

6 deatlis , 

So treatment 

18 

0-l!.!-S7 

Sudan i^nt'SN . 

Eaten back hy grass- 
hoppers. .Deaths on 
the re-groAPth 

Strong positive to pic- 
rato test 

12 cattle. AHairectcd 
4 deaths 

No treatment 

jft 

•1-12-37 

Broom initlol 
(Sorffhum sp.) 

Eaten back hy grass- 
hoppers. Death occurr- 
ed on re-groAPth 

0* 157% (uioistare-jQrce) 

6 cow,s and a bull died 
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Ddails of poisoning of stock grazhig on sudmi gras8-~-eoiitd. 


N'j. 

Jint*-' 

Crop 

t'oudition 

HUN Content 

Results 

Eemaiks 

2U 


Sudaa grass and 
hybrids 

Katen baeh 1>y grass- 
hoppers 

Strong positive to pie- 
rate test 

5 cows. All showed 
symptoms in 10 
mimites. No deaths 

Treatment first adopted 
of 3 grammes sod. 
nitrate, 15 grammes 
sod., thiosulph., 20 ml. 
water with astonishing 
results 

21 

28“12-3y 

Sudan grass . 

Eaten back by grass- 
hoppers. Ee-growtii 
one foot to IS inches 
high. Not in seed 

Strong positive to pic- 
rate test 

45 cows. S beeame 
sick and recovered 

The 5 sick cows wers 
treated, as (20) above 


24*12-87 

Sudan grass . 

Crop eaten down by- 
grasshopnera and re- 
growth two feet high, 
but not in seed 

Positive tdSicrate test 

56 cows. SdeadSsiek 
and recovered 

The 5 sick eo%vs were 
treated as for (20) with 
also artificial respira- 
tion 


u-1-38 

Sudan grass and sor- 
gliaum. 

Eaieu by grasshoppers 
and re-groAvtli scanty 
and up to 12 inches 
higli 

Both .strong positive to 
pierate test' 

4 cows. 3 sick and all 
recovered 

Sick ones .reliet'ed by 
puncturing rumen 

with trocar and canula 

:m 

4:»1.-8S 

Sudan grass . 

Baton batik by grass- 
hoppers. Ee-growth 
sparse but vigorous 

Strong positive to jifc- 
rate test 

18 cows, of which 18 
died. Symptoms in 
15 minutes 




Sudan grass . 

Eaten back by grass- 
lioppers. Ee-growtli 
sp.arse but vigorous 
and out in flower 

Strong po.sitive to pic- 
rate test 

1 cow died at first 
attempt to graze crop. 

3 died at a second 
attempt two weeks 
later 


L’G 

1.0-1-S8 

Sudan grass . 

Eaten back by grass- 
hoppers. Ee-gro\vth 
12 inches and not yet 
in How'er 


80 cows. 1. died, 8 
recovered after treat- 
ment 

The 8 recoveries wer<- 
treated as for (20) 

2? 

28 


Siidaii grass . 

« 

Sudan griisH . 

Eaten down by grass- 
hoppers. Ee-growtli 
12 inches high and in 
seed 

Eaten back by grass- 
hoppers. Ee-gfowtli 
IS inches higli and not 
yet in seed 

Strong positive to pic- 
nite test 

Strong positive to pic- 
rate test 

60 cows. 6 died in first 
attempt to graze. At 
.’jecond attempt 10 
days later 3 more died 
and 3 recovered. 

2 COW'S became affected 
and both recovered 

The 8 rwsoveroil cases 
worts treated as for (20) 

Treated as .in (20) 

2fl 

23-1-38 

(1) Sudan grass, 

coarsf.) type. 

Eaten back by grass- 
hoppers. Eo-growth 

2 feet 4 inches high 
and in seed 

•>•024% . 

2'7 cows. 4 dcatli.s, S 
recovered. 

5 treated as in (20). 1. 
died from the treat- 
ment owing to 25”;; 
increase in the dose. 



(2) Sudan gi-ass, 

much Jlnei' than 
above. 

Not affected by grass- 
hoppers. Also up in 
seed 

0-00t)% . 

27 cows grazed with 
impunltj 

This (trop was fed off 
and when finished crop 
adjoining wti« used. 

ruj 

26-1-K.S 

Jolmston grass 

(Sorffhum /mlujmise). 

Eiiten liaok by grass- 
hoppers. A strip of 
this pei'cnriial laid been 
in the paddock for live 
years without ill- 
cfFccts 

Strong positive, to pic- 
rate test 

300 sheep. Within an 
hour 9 died and 3 
which .sickened re- 
covered 


G1 

1 0-2-38 

Brouiii milli-f 

Not knuHn 

Strong positive to pic- 
ratio tf'st 

10 cows broke into this 
crop and 7 died before 
they could be chased 
out 


ri2 

15-1-38 i 

Sudan grass 

Crop visited liy grass- 
hoppera 

Strong positive to 
Picrato toBt. 

12 cows. 4 died and 6 
recovered without 
treatment. 


:!S 

10-2-38 

Amlicreaiii' i.spr- 

(iJtiim .sp) 

Not known . . 

Strong po.sitive to pic- 
rate test 

14 cows put on a quar- 
ter of an acre and all 
died 


w 

Mai'di, 1038 

Jultuaiuii giiuti (iSar- 
ahum tialnpcHsr) 

A eontaminant in an- 
other crop 

. . . 

45 cows. 11 deaths. 

7 recoveries. 

N’o treatment. 


12-1-38 

Braoiii niilii'i 

Crop cut and re-growth 
grazed three weeks 
later 

Strong positive to pic- 
rate test 

40 cattle. 2 deaths. 


Gt'. 


Scualien iSot'.jhxtn 
ciiffntrinn) 

Cattle grazed on this 
crop daily for some 
weeks 

Strong positive to plc- 
ratd test 

46 cows. 11 sick and all 
recovered 

4 recovered without 
treatment and 7 witli 
treatment 


■ A. 

Evidence i'kat cattle may become toleeant 

TO TOXIC STJDA'N GEASS 

Inserted in the table is a series of analytical 
figiu’es referring to several paddocks of sndan grass 
in which no losses occurred (No. 9). All paddocks 
were on the same small farm, some were severely 
damaged by grasshoppers, while others were affect-, 
ed to a less extent. In all, there was snffieient of 
the eroiJ left to allow the cattle a daily feed right 
through the grasshopjier invasion. Specimens of 
the plant were taken for analysis from time to time 
while the cattle were feeding off it. The resulting 
figures were all extremely high ; much higher than 
those for many of the fatal crops, yet no sickness or 
losses occurred. At the same time, cattle were 
being lost under standard conditions on farms al- 
most adjoining (Nos. 5, 6 and 7). Other examples 
are less striking and are cases in wliieh a, few cows 
of little value or a few head of young stock have 
been left in a crop right tlu'ough the period of inva- 
sion and re-growth, and have suffered no ill-effect.s. 
The case of No. 10 is not comparahle, for the crops 
on that property suffered little or no dama,ge from 
grasshoppers. 

I'he EEEEOT' oe hungee 

There is both theoretical and practical evidence- 
that hungry cattle, which have eaten a paddock of 
toxic Sudan grass, will succiimh more rapidly. 
Hungry cattle wiE obviously eat more plant in a 
given time and therefore will more quickh' absorb 
their toxic quota . 

Experience has shown, however, tliat it is not 
necessarEy safe to attempt grazing off toxic crop 
with cattle which are not hungry % Such crops 
must be regarded as valueless fo?” cattle, thongh 
they may be used for sheep -with a Ingli degree of 
safety. 

Sheep on sedan gbass • 

Sudan grass has been quite a popular summer 
feed for sheep, espeoiaEy fattening lambs, and quite 
often farmers have been advised to turn sheep on 
to a crop which has proved toxic for cattle and 
with one small exception no iff-effeets have follow- 
ed. The crop referred to in No. 16 of the table w^a.'^ 
used to kitten 200 lambs after the accident to the 
cattle and tlnee of the lambs died, presumably 
from HON poisoning. At times when cattle mor- 
talities were oeciirriiig, sheep were being grazed on 
.Sudan grass under exactly similai- conditions and 
with no harmful effects. The only sheep mortality 
referred to in the table (No. 30) was in somewhat 
unusual conditions and on Johnston grass, which is 
considered t(,) be far more toxic than sudan grass. 

Symptoms 

The symptoms shown by cattle in .HCN poison- 
ing from Sudan grass are not very distinctive, ,An 
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increased rate of resph'ation is coj-staiit aiu! I'his 
may be shown before any other abnoiMnaiity is 
noted. A: cow first eeasc^s feeding and stands in an 
agitated, restle.ss mauuci' ; the rciqviratiuns incia.'asc 
and marked dist^’css soon [bliows. Idua’e may iic 
some salivation and odd animals rush about and 
bellow. Many ease.s go down quite early and lie 
prostrate, moanhig nnd breathing rapidly. Death 
may take place in a few minnte.s, but some c.cw.n 
wall remain doivn for some hoins and ilicn die. 
Cases that are on the ground for any coiisidt-rablc 
time iisually become aiibotcd with hoven. 

Latent peeiod 

The period between the time of access to tlic croj) 
and the onset of symptoms varies, the= variatiem 
being due to the amount of crop eaten in the time, 
and to the concentration of hydrocyanit; acid In th(‘ 
crop, Beferenee to this latent period is .made in 
the table. The shortest observed time is liv(- 
minutes and it is probable that symptoms were 
obvious ill most cases in ten minutes anrl the iloafh 
of the first cast' -would occur shortly atte.ncards. 
Reference svill be .made claew.liere’*‘ to the amount 
of -plant that might be expected to be lethal under 
varying conditions of toxic concentration, but 
clinicaliy it has been obvious that in some oases a 
-pound of the plant was sufficient to ennse death. 

Tbbatment 

A consideration of the data in the table will show' 
that mortality may be heavy or absent, in the latter 
case the animals recovering completely. Very 
many cow's recover without any treatment. Alany 
cases die iniich too quickly for treatment to be- 
applied, but tlie treatment of animals -whicb 
survive for half an hour or more may be the 
means of. saving tlieir lives. Generally the firrinej' 
himself has neither the knowledge iioi' the means 
to do anything of benefit. The sudden collapse of 
a number of his cattle and the early death of some 
of them leads him in de.spe.rate haste either to the 
telephone or to his neighbour, and on at least three 
occasions the farmer has been knorvn to out off the 
animals’ tails to make them bleed. 

For a long lime it has been roga)'dcd by some 
that fhe liberal siib-cntaneous iujectiojis of ether 
has a very b('no1i (dal effe<!t, the drug hfdiig us(al t<; 
give a quick stimulant effect, lither was Iriod on 
one occasion on]\' (No, 13). The twfdve tiavd.ed 
animals wtsre given 20 mils of cth(-r about fifteen 
minutes after they wcjit down, followed f>Y another 
20 mils. Th(' farmer <'i‘(‘ditG(l th(i injc'-ction -vvdtii 
saving Mic catth'. hut thcie was no evidc-ma* lhal ij, 
vtns of Ix'-ncfit. Artificial respi-rution has bect, 

* Hind Marali, W, L. Poisoning of Cattle by sudan 
grass and other Gvanogentic Plants, Vef, . 

16, 210 
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em2>io^^ed <jii jii owti'iih- anirrialw whose treating had 
boeonie .sJo\\ and shallow |W’obably with benefit. 
!n aiiimals showing tympany, the use of the trocar 
and oamila to I’t'licvc intra-abdojnmal pressure on 
the thoi-iiTv is nndoLii)ted1y an essential precaution. 

In 1937 a line oi' Irf'atmont was adopted which 
gav(' resnlts of immediate and very obvious benefit. 
The forjnida adopled was based on the suggestion 
of Biinyes (jihir)) and consists of the hypodermic 
iu|p(-tiorj of the following solution : 

Scidiiim nitrat(’. ... 3 gm. . 

(Sodium thiosulphate . . 16 gm. 

Water . . . .20 mils 

'rhi;^ injection has been given to a number of 
cattle which appeared to be on the jmint of deatli ; 
some of them have resjtondcd immediately and 
have got up within a few minutes, and all of the 
cattle treated have rei'ovcred. There has heen 
sufficient (widence to su]>poit the ojiimon that this 
treatment is specific. Thorc^ is evidence, too, that 
cattle will not tolerate a dose mnch'in excess of 
that meiitionefl. 

(StJMMAEY 

1. All account, of a number of serious losses from 
Sudan grass poisoning has been given and is sup- 
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ported by a tabulated stubMiicnt of suioc 
data. 

2. There is evidence tliat pni'c; sudan gj'ass :r.u;i\ 
be just as toxic as are its liybiids with sorghum. 

3. The seasonal conditions ■wiiicli predispose io 
intoxications are those in wluxih. rain i'alls dunng 
the heat of the summer, inducing optimum growth 
of the plant. 

4. Sudan grass which has been t‘a.teu te tlie 
ground by grasshojipers and which is re ■growing 
rapidly after rain, has proved, in almost all cases, 
to be at the dangerous stage. 

6. A few mortalities on other sorgij.nm. spei-ie^ 
such as ainbercane, Johnston grass and. broom 
millet are also recorded, 

6, Particulars are given, of what ap^iears to lx; a 
specific line of treatment, especially if adopled. 
along wdth symjitomatic treal.ment. 

7, In conGlusio.ii it can be postulated that none 
of the sorghum species (arn be considered sale to 
feed off to cattle at any stage of their growth 
following the conditions which have bcoo descriited. 

re:p.er.ence 

Bunyea, H, (1938)= J, Awen Fet's mod. Ass, 86, 686 
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(.Reprinted from I'he 
KNOWLEnaE ol' inedicjnc is handed from seniors 
to beginners according to the Hippocratic 
rule, and perhaps in no other profession is 
learning so generously and diredly shared. .But 
medicine staiid.s alone in that the leaders ami 
teachers live and 2 >J’ai-tiee in a different world from 
the gi’eat bod,^' of the profession, It is an old cry 
that the aim of tiic medicixl curricnlnm .sliould be 
to turn out good gimeral } practitioners : horv do 
vve set about it i Fi'oin the momtmt of registration 
the student is taught by specialists, most of w hom 
have no expeilcaici* of general practice. At the 
raid of th(‘ course, and of a few resident apjioint- 
monts. he is well — even brilliantly — equipped to 
start speeializing. He lias a .sound general back- 
gi'oniul of all that is rare in m(‘dicjne and surgery, 
hut he has learn(‘cl to think of common diseases as 
humdrum. He can discuss points of technique in 
all the specialises ; but he lias liad no chance to 
treat tlx‘ miiioi- ailments, becau.se these do not 
reach th(‘. hos]>ital clinic. In tlxi one direction — 
i»1;)steti‘ics- where speeializatioii would not come 
aniis.s he is umler toxperienced .He has usually 
deiiv(‘r(‘d about i\\('nt>’ noimal maternity ca.ses 
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(without analgesia) umi. has 'waidied the 
dealing with abnorimils ; in goncrai praetico m)r-. 
mal cases will usually fall to tlx“ midwife while iu* 
is summoned, often late, to the abnormal case. He 
has had no insti-nction wliatevcr in em tificatiou or 
the raaiiagemeiit of a panel praeiie.c ; he is n.su;i!!y 
.shaky on |H'escrjbing ; he may or may not Ix' a 
competent. ana(;sth(‘t’jst. : ho ihinks tlx' Im.siiie.ss tfi' 
making tiu* patient comfortable is work for llu' 
mu*so : preventive mediciiK! seems to him to bo t.he 
province of the jiubJic health service: his ideas 
about the social and indu,siriai r<‘,sf>onsibilit.ies of 
medicine are vague and g(‘m'i'al ; and he doe.s imi 
even realize that, to sign a. patk-nt off as 'fit, for 
work’ is a,n act of faitli unfe.ss he is <-i(‘ar uha( 
.strains tliat work applies. He begins his iifi's wni’k 
as a. (‘umblcr, lacking half tlu; lool.s of his iraiic : 
and he learns skill at the (‘xpmise of hJs patkail.s. 
Every general ]>ractit ioiier r('m(‘mbers his ilr.si 
week in the .snrgiry, the c.oni'iision of mind prodisr. 
ed by the rich variety of (•(‘l■li^i(‘a.t(^s, ihc growing 
sense of dis-atipointtiKMils as ‘just anotlux' rlxm- 
matism ’ came in, the gucss-work uhicb .supple- 
mented his ignorance when IIk' pationt asked Ibi’ 
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the details of some nursing proeediire. To the 
patient he was a young chap not quite up to it ; to 
himself he was a young chap far beyond it : and 
both were true^ — he could have dealt competently 
with an obscure or alarming condition, he was only 
at a loss with chronic and minor illness. But these 
are to be his life’s work ; if he is ill-informed about 
them at the outset he is at a disadvantage ; and if 
, he is conditioned to find them boring he is handi- 
capped indeed. 

There is another way in which the medical stu- 
dent’s traming fails him : he has worked where it 
was always possible to give the patient something 
lilie the best in the way of examination, investiga- 
tion, treatment, feeding and environment. He 
now finds that he is continually driven to make 
shifts and compromises which seem, at first, to 
stamp Mm as a hypocrite. He discovers not only 
that he cannot do the best for his patients but that - 
he has not even been taught to do the best he can. 
Of course he learns. He picks up a Mnt from a 
colleague here, a trick from the district nurse there ; 

) lie supplements inadequate diets wdth costly 
vitamins because he must not prescribe food ; ho 
gives tonics where he -wxnild like to give blankets, 
cod-liver oil where he should order a sojourn in the 
country. He begins to realize that ho can only 
patch up where, given proper equipment ho could 
restore. Here the fault lies not wfiiolly in his train- 
ing ; it is right that he should know the best in 
treatment and, learn to apply it. The defect is in 
a medical service still unequipped in many direc- 
tions to command the essentials of healthy living. 
And it is not our duty, any more than it is the duty 
of the crowner’s quest, to give praise or blame, to 
bring any of the agents to judgment, but ratlier to 
find out by patient inquiry how the preu ar curri- 
culum came to be the poor frustrated thing it was, 
and to share in the glorious task denied to the coro- 
ner of infusing new life into the old framework. 

Inquest of a cueeioullum 

There are grave clifficulties about training a man 
to be a doctor, and it would be all too easy in the 
present emergency to emphasize the utilitarian 
side at the expense of his fundamental education. 
Witness the reaction against experimental method, 
contemptuously caJled KanincJienmedizin in Cen- 
tral Europe. This danger is naturally more vivid 
g to the minds of teachers than of students. Tea- 
(liers see clearlj?" that if practice is not based on a 
sound, appreciation of scientific method and though 
it will d,eteriorate rapidly when the student leaves 
his medical school. They seek to provide a better 
grounding ; the suggestion reaching iis from many 
deans is that physiology should be an integral part 
of the whole curriculum and that, in the teaching 
()f anatomy, structure should be continually related 
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to function. At Slicffickl anatomy and physiology 
are taught throughout the five years of training and 
an examination in these subjects has been intro- 
duced after the second M.B,, a year before the 
finals. Some feel that the time adjustment bet- 
ween preclinieai and clinical work and, between the 
stare of clinical work and, finals is wrong. From 
tSt. Thoiuas’s comes the view that time is wasted 
by the student in cramming the minutiae of anato«- 
my ; and that the premedical subjects might well 
be disposed of by the attainment of an acceptable 
standard in matriculation or school certificate. 
The student could then go to a central school of 
anatomy — there might be two for the London 
area — ^for 9 to 12 months. He would concentrate 
on the essentials of anatomy and enough relevant 
physiolog^r, taught by the anatomists, to explain 
function. At the end of the course he would take 
an examination in which attainment of honours 
standard could qualify for the primary fellowship. 
He would then. join his cliiucal medical school 
which would bo equipped, wuth a department of 
physiology. For a year ho would study normal 
physiology, physiological chemistry and clinical 
methods, including ilie use of stethoscope, auros- 
cope and ophthalmoscope, and would learn to 
interpret radiograms he would also learn the 
teclinique of urine testing, Wood- examination and 
oilier laboratory tricks. He would take another 
examination at the end of a year before passing on 
to clinical work and the study of morbid physio- 
logy which is medicine. He would not be eligible 
to sit for finals until he had completed 36 months 
of clinical work, but to keep him mettled up there 
might be sessional examinations at the medical 
school. At present students are able to sit for part 
of the finals wdlthin 30 months of the second M.B., 
and. tlms the average student is cramming for a 
part of the final within 24 months of beginning 
clinical work. This suggested curriculum, adinir- 
able as it is, lays ejuphasis chiefly, on groundwork 
and. is not directed towards the special needs of 
general practice. 

Students and general practitioners have different 
suggestions to make. On the whole students see 
more of general practice than do their teachers ; 
many of them are the children of general practi- 
tioners and many hear the opinions of recently 
qualified, friends. Moreover that concern for social 
conditions which springs from imaginative appre- 
ciation of a neighbour’s hardships — socialism in the 
basic sense — flourishes among the young. If we 
are not willing to put the world right in our early 
twmities we are poor citizens. The British Medical 
Students Association (p. 259) ask that the student 
should receive better training in preventiv medi- 
cine and gain more experience of chronic and meinof 
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ailmontH and tlio sim-jil^'r gyiiaccologica] condi- 
tion?! ; tiial ho .siioiild liav('- a wider kn-owiedge of 
puhho. hc'affj!, ol‘ tudioual lu-alih, inHinuneo, of 
('onux'Hsaliou aod rohahililalioif., 'J'liey act! tlio 
general [sraetilioner. ir-. hIkh'I, as part ol'ilK: social 
welfare oreaiiizal ioti o! lla* eomitry and •\\oiikl 
have biiti (‘()in]»et('iit lo niichalako that duty. Nor 
are they ohlivious of th.o grouncLwork on which 
such training must rest. Tlu^y ask for grcaler 
Integration in tlu; eurrieulmn, and for orientation 
courses v/hie'h ‘U’Oidd bring 1]i<' va.i*ious sii])jt‘cls into 
proper relatioiislii]) at tlu' oui^set. One subjo(d in 
which an orieidation course would be partieularly 
valnabh' is anatomy ; a. te'selifa* suggests that the 
whole body might Ik; dissected ra])!cl]y before the 
class, by an expert, before* students are allowed to 
begin on a part. All who remember the bewilder- 
ment of their first n)ontIi in the disseoting-room 
will agree with him. Some of the detail might be 
cut out and he sug,gests that anatomy should be 
taught on younger subjects, preferably beginning 
with the foetus, so tha t students may see the organs 
at various stages of development, not only in the 
degeneration or atrophy of old age. 

Not umiaturallj^, the most practical suggestions 
for improvement of the ouiTiculum come from 
general practitioners themselves. They would like 
the student to have free access to the patients in 
the chronic wards of infirmaries, to see more minor . 
infectious illnesses like tonsillitis, and more minor 
injuries like sprains. They would like him to have 
personal experience of dispensing, not of writing 
‘ rep. mist.’ and, leaving the rest to the dispenser ; 
to he confident of giving a safe anaesthetic ; to 
know some practical psychology and more about 
mental disease and defect ; and. to realize that there 
is no mystery about children’s diseases or infant 
feeding. They think he siionld. know more about 
the trifling ills of women — such as vaginal dis- 
charge, dysmeiiorrhoea and menopausal symp- 
toms— and that he shoidd have some instruction 
about sterlity and contraception. He should be 
more adept at recognizing the early stages of di- 
sease, especially of cancej-, and of rheumatic dis- 
orders likely to lead to crippling. Above all they 
would have him a Gom]-)etent obstetrician. Some 
would like six months post-graduate work in mid- 
wifery to be compulsory for the general practition- 
er. Others consider that instead of spending a 
year on general surgery a nd month on midwifery, 
the periods might w^ell bo reversed, or at least more 
wisely distributed. Students spend, hours in the 
theatre watching major surgical and gynaecologi- 
cal procedures wfiiich, as general practitioners, they 
Avill never perform. Tliey enjoy it, naturally; 
most of us like to assist, in the French sense, while 
a skilled craftsman does his job, whether it be 


painting a picture, builtling a ship, or ofs'iiing 
abdomen.. But w’aicliing major operat ioi!,s is 
waste of time in. a crowded eitrricuhun ar.d 
scrtd..in.y of (be simhud’s (inudablr^ vwadd dnubi" 
less reveal oilier c..x.( ravagaucc s ; t-iu' dce(('i' rc-- 
miiids us of the (-inie ,sp< nt foilcrie.g in (iie (Voi'i 
ball, awaiting dilatory chiefs. Tinu' savdl .from 
these and other pursuits migld, lx; speid with a 
good firm of general prnciitioiiers. ‘Some.' doefors 
think the grounding would be adequate- if t»u' 
student atten.dod at such a practice ouee or twice a 
wuek for a month or two ; so'uu* think lie sliould tx- 
re.s'ident with the. lirm for periods ranging from a 
fortnight to six months ; ot.jmrs think tins exjtmb 
ence could be post-graduate ; but none doubts that 
the person to train aiiotlier in general jmactiee is 
the general practitioiu'r. This return to the 
apprenticeship system, i.liex' .teed, is overd.ue. d'hey 
'do not suggest that it can in any way ri'pkicc 
formal clinical teacliing ; only that it should siq-ple- 
ment it, occiqiying time wJiich can be sjiared from 
less essential studies. All are em])liatie. about tiu' 
value of residenf a]ipointrnen.ts and soim> would 
like such post-graduate exjK'rienci' to be couqmJ- 
sory for a man about to enter goiUTal -jiractiee. 

The foregoing opinions — whether from tcaiehers, 
students or practising doidors — are home an.d 
Empire jwoduce ; they an* Avhat wx; can learn IVom 
each other. But t he cxporicnci^ of othej- eountrii's 
is also instructive, especially wlien it forms a com- 
ment, spoken or uns]iokeu, on our own practicic. 
The accounts of medical ed.ncailon in vaj'ious pai ts 
of the world set out ou page 2(50 well repay study. 
We have something to learn, for example, from llie 
Spanish system of selection, by which tin* Ix'st 
opportunities go to the host studmds ; from the 
high standard of general edueatioii expei-ied of 
students in Eranci* ; from tlie student discussion 
groups of Norway ; from tlu* German t radition of 
experience in several niiiversitii's ; irom tlu^ kemi- 
ness, diligence, find team sf)irit found in. .Russian 
clinics; a,nd Amu (bo Amci-jcau principle that 
medicine deals not with tlu^ disease, alone: hut. witli 
its effects on tluj patient, tlu* [jatieut’s .family an<l 
the community. Russia, t,ravell(U‘s tell ns, finds 
us backward in our trea.tm('nt of woim'ii ; H[)ain 
thinks the golden age: of English nu'dieine is over, 
Germans arc politelj' astonished wlu'u they fin.d 
an English institution (*fiici('n1 l.y lain, and Anu'rl- 
cans have to stop and lliiuk vvlu'ii they nro askaal 
to name the advantages of Rnglisli iiu'dical educa- 
tion. It is time to make eha,ng<‘s. Reineinbei'ing 
the old maxim for examimiiion (auclidates-- ' do 
“the easy ones first ’-—h* I. ns begin, by iutrodueing 
experience of general pra.et.iec^ iut.o tJie: eurrieidinu. 
and a higlua* standard oi' ohstetrio tra injng a nionij 
those deciding to become himily doctors, 
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The composition and properties of goats milk 
a .M. Tkout (1941). Bull Mich, agric, Exp. 
8ta.,2^,254:-U 

b’oL'i'.'i’Y sainjjli'S of bulk milk Irom individual goats 
and from herds on analysis gave au. average fat porceii- 
ta"o of o.yidib.?)") uiirl total solids I3.00±1.04. The 
fit la-iveiiiivo of 1 ho milk ^'ariod Avidely between the 
im'ods. Kab^vas detormiiLOil by Uabeoek method, total 
r.oiids b\ the .Majomiiur inf'(.ho<l ami the «. N. If- 
oo.lenlat<'>i from the vaha-s obtamod for lat and total 
solids. Nubian milk was rieli in fat {<1.11), bteanojmmlk 
slightly less (4. IS) and Toggonberg milk least (o.o4). 
I'hv. ash eouteut of 17 samples of goat’s milk showed an 
avei-aoe 0.y23 per cent, with a range from 0.b72 to 0.9/2 
tuTeerd. Tho a,di eonlont was slightly higher than that 
of cows milk. The ash couterrt of breed mdk varied 
sli<ditlv with the fat. Sp(>cilie gravity determinations 
of1 7 sai.iples gave a mean of f .0337, with a range from 
1 . 032 1 a 1 . 035. The titrable aoidity < d 3t) samples of fresh 
nIilic”brought to the Jaboralory paekod in ice well below 
.'id'-'h., raogod from 0 . 1 2 to 0 , 275 iier o.'uit with an average 
uf o.Vof i»jr oo'd.. This is liontrary to the opinion that 
nnuPs luilk is jilkalino in n'aotion wlien compared with 
c.m’s milk. 'I'he pH of the goat’s milk (19 samples) 
ranged fri>nj 0.33 to 0.52 which is a lower figm'O when 
conTliai'eil t-o cow’s milk. The aierago flavour score 
of 40 samples was 21.75 which is to bo recognized as 
nood fla\’our. Of tli<» above 19 samples scored 23 and 
above having no flavour ci-iticism. Of tlie oft' flavours 
presold, those of ‘ feed ’ v'ere iiotofl in 10 samples. 
[0. P. A.] 

A simple differential meffium for mastitis testing 
J. G. '-D-iVis (1941). Dairy Indust. 6, 38 

'Tius ' new medium, Broin-crosol purple chalk agar, 
siiggo.-.ted for iua.stitis work lias tho following compo» 
sitiou : - 

Poplouc(l) . . . • . 3 gm. 

Lactose (2) 5 „ 

Yoastrol (3) ..... 3 „ 

hemco(4) 3 „ 

Pr(>cijiated chalk (o) .... 10 „ 

Agar • . . . . . Lj o. 

bei'amted milk ..... 10 ml. 

!5iom-cresol purple (0 . (M percent aq. sol.) 50 ml. 

I’aji water " . . . . . 1000 ml. 

i’eiiionc, lomi'o, yeaslrol and agar ari- dissolved in 
w.iler by heating and fillon'd hot. The pU of the me- 
dium is' adjusted to O.S with Hromlliytuol blue using 
a Heliige comparator. Lactose, milli, chalk and Brom- 
cresol pui’iile solution are added and filled in sterile test- 
tubes with constant shaking ami then storiliKed at 15 
11). [iressure liy monwritiiry autoclaving. The remark- 
able feature of tins medium is that the acid forming 
colonies dissolve the chalk forming zones. In the freshly 
dravu samples of milk from the eows suspected to be 
suffering from juaslitis, u lion ])lated on this medium, 
the zones formed ar<' gcaorally duo to Hire plococcus agaki- 
clific, tho causativo oj’gaiiisui of mastitis. In normai 
iiged sami)l('S tlu' acid-producing types will form zones 
hy dissolving tho chalk. 

A'. 

(I) Any pe])touc may be used. 

(J) 1 )(>s( rose mav be suhstil uted todelecttlioseorga- 

ni,-.ms feime'niing di'xlrese but not lactose. 

(:tj The >east aul ul\ sales on the ma.rket are roughiy 
of ei|na.l growtii |):romol.iug value. 

(I) Any rchablc mea,t extract may be used. 

(5) 'J'lio iji'ccipated clialk should be sterilized iu dry 
condition lor three days at 2U0'’’U. [E. V. S.] 


The control of parasitism in sheep with plien0“ 
thiazine in a salt lick. J. W. Bkitton R. 
MiLLBE,and H. S. Camekon. Cornell Fei 30, 
400-406 

Observations were made on Lad i no elovor pastures in 
California, on which ajiproximately 250,nu0 iambs are 
annually fed. I’lio stomacli wdimus, O.'iti-rt'iiji'i -MidTrin- 
c7m6'Pw/fp/?c.9, constitute a source of groat lueuaeo in these 
lambs. In the past, autliehnintics sueh as totrachler- 
ethyleno and a mixture of coiiper and nicotine sulphates 
were used. Tho.so mcdicat.ions are not, howevoj-, very 
effective, for, as Gordon has esbiiuated, about 12 per cent 
of the lambs fail to respond to the drugs, because of tho 
failure of the oesophageal reflex to operate in time to 
direct tho drug into the abomasmn. Emdlierniore, the 
labour iuv'olved is very costly, and tho starving of lambs 
overnight find Ibr.iovcral hours after Ircatmont retards the 
rate of growtlu Mass administration of anthelmiuties has 
not so far been attended with success duo to tho toxicity 
of the agents omnloyed. 'Che authors used a mixture of 
phenothiazino and half-ground salt iu tho proportion 
of 1 ; 15 and muie it accessible to lambs as the only 
salt lick. The results of iiie oxporimnnts showed that 
tho mass afhuinistratiou of this mixture was nontoxic 
and very effective when given over a period of 78 days. 
Tho total dose necessary for the ciL-ut was aiiproximatoly 
half the minimum single tliorapoiitic close. This com- 
bined witii tlie ease of administration and tho elimi- 
nation of tho preliminary starvatiou period reduces tho 
cost of the treatment con ;i)lo]'ably. Hepeated small 
doses ad I nil ustored iu this lu.umer maintain a continual 
small concentration of tho drug in tho alimentary canal, 
'rids at lirst might, rotard or inhibit tho dovelop)mout 
of eggs, latuj- inhibit tlie egg pi'oductioii, and flnally prove 
lethal to partially paralyzed worms. Wlioa a single 
therapeutic dose is aihuiuisteivd, roughly half of the drug 
is absorbed and excreted iu the urine. In the case of 
rejio.iled small doses little, if any, is ab.sorbod from the 
ioti'stiiuil treat and this explains why only half tho total 
amount of tho therapeutiio close of tho drug is rocpiirecl 
iu tliis ease. 'The lambs on tho medieabed salt mixture 
cousuiui'd on an average sligldly ovm- 22 grams of phono, 
tliiazine per liead during the period of days. There 
were no toxic sym[)boms or s>baiamg of tho wool and tho 
fii'cal cultures indicated that tho lambs Avere free from 
parasites, 'fiio method ai»pcars to oH'or great possibilitioa 
,G. D. B. ] 

Im-jniiiaiaation against bovine trypanosomiasis 
H. E. Hoiinbv (194 j). Trans. It. Boo. tror). 
Med. Hyg., 35, 165-76 

The authoi' has critically reviewed the Avork of Schilling 
(1930) on the immuuizatiou of African hovines against 
trypanosomiasis. Wehilhng's contentions wori- as fciHows ; 
(1) young auiui ils ))OS.'!ess a con-iiderahliA resistance 
against tryp.iuosom )S traris'nissi))h‘ hy tsdse flies, and 
{ g)tliis I'esistaiLce is euliam-eil to full immuuity by minimal 
infection or by piwontive \acciuo ticatniuat. 'fhe 
author had. the opportimd y _ to I'olluw in detail the 
fate of tho ijxporimenial Imrd of iSehilliug, aud ho found 
that when this herd Aims transferred to vell-kiiowu tsotise 
belt the animals dovelo’ied the disease. It was observed 
tliali oi all the aiiimah. vaiTiiiuted or ethorwiM, treated by 
iSclidliti"; ill 193-! only ein not ol 33 wins alive at I be dose 
of the oNperimisit (-list daiuMin liMI). Scliilliiig eoidi- 
nvied his ohsorvatioiis Crom .lime I iCJ I to July 1938 and 
he came to the following cunelusions \yinch wore based on 
the evidouco of survival al. the end of this period : --three 
out of.,twelve control calves, four out of nine vaccinated 
199 
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oalves, aad eight out of seveuteea calves treated with 
minimal infective doses. He believed that these animals 
were immune in the way that tlie most large African game 
animals within taobse-fly belts are. Subsequent history 
of those surviving auimals, however, as indicated above 
%va3 different, and the author has consequeubly come to 
the conclusion that “ no method of imniaiuzation which 
will enable Bast African duinestic stock bo blirive in tsotse- 
ffy bolts has yet been devised”. [F. N. R.'J 

The value of dogfish meal as a protein supple- 
ment, M. J, S. Gauveb, R. W- Harri 

HujT, and W. S. Hamm (1942). Bull.agric. Exp. 
8ta., State Coll, of- Washington, 416, 1-24. 

Vaiiio us experiments were carried out to clotermiue the 
effects of different methods of processing on the gross 
valve of meals made from dogfish. 

The data presented indicate tliat the commei’cial 
dogfish meals available in Washington were of a low 
nutritive value as judged by growth experiments carried 
out on chicks, Other experiments were carried out to 
debermiaQ the relative values of wot and dry methods of 
processing the meals. Wet process meals were inopared 
as follows : the fish were ground, cooked with live steam 
at atmospheric pressure, pressed to remove oil and water, 
and tlried in a steam vacuum drier. The dry process meals, 
were prepared by dryixig the fish in a sfceam-jaelceted 
vacuum drier and removing the oil by pressing the dried 
product in a hydraulic press. 

The wot processed meals gave as good results per unit of 
protein as ordinary fish meals and very tnuclr batter 
results than eommoroial or laboratory dry process catfish 
inaal. , 

The data also suggest that the quality of fislr meal 
piotoins deteriorates fairly rapidly after manufacture ami 
that it is very probable that the fish meals as used under 
commercial conditions, are much j)oorer in value than 
meals at the time of manufacture. 

An initial trial with materials treated with formaldehyde 
prior to processing suggested that such treabmenb may be 
harmful to, the resulting product. However, later trials 
demonstrated that the harmful effect obtained in the 
initial trial could, not be attributed to formaldehyde 
treatment. 

The essential dilferenoe between the wot and dry pro- 
cess treatments of the fLsh meal used is that a large 
arnount of water soluble material is removed during the 
wet-process. The hypothesis is pub forward that the 
web-prneess meals may have lost some substance, wlii(jli is 
either toxic to the ohicks or which adversely affaebs the 
[ rotein. ' 

A sample of eommeroial (dry-process) dogfish meal, 
which was re-processed by the wet-process gave consider- 
ably better growth results in clucks than the original 
type of meal. 

From the rosult.s of tiiis exporimeut iu conjunction with 
those of earlier work the authors conclude that, though 
uric acid is net utilized by tiio cliiek, it is not harmful to 
tht^ feeding value of a Ibed oxe.>pb that it affects the 
deterininaiioJi. of the proteiu ceuteui;. 

fi'he average protein {N/(i.i!r)) of the eommorcial (dry. 
process) <logfiHh meal was 77.:} per coat, and tliab of the 
wet-process (.logfish meal was 07.5 per cent. It is sug- 
gested that niiadulterabed dogfish meals of excoptionally 
higli protoiji content (iS'/0,25) especially with a high uric 
eoident, are likely to be cky-process meals. [A. J. M.J 


Various oils aod fats as suhstitiites lor butter fat 
in the ration q|; young calves. T. W. Gulliok- 
son, F. 0. irotrNTAiNK and J. B. Fitch. (194-2) 
J. Dairy Sd., 85, 117 

The comparative feeding value of vogotablo oils like 
coconut, peanut, conn eei.tonseed imd soybean oils, and 
animal fats, such as butterliit, lard a.iul f allow. Cor yeung 
dairy calves was moasureil by tlie rate ol‘ gain iu weight 
and by observing the physical apiaiaramai and general 
well-being of the aiiitnals, Ualves wen; put imder ex- 
j)erimenb at tlio ago of (jrie to two weeks. l<\its or oils, 
mixed at tho rate of 3.5 II). bo every Ob. 5 _ll>. skim milk 
and homogenized to give a product containing :i.5 per 
cent of the fat or oil, wore foil to the respective groups of 
animals, with tho following low fat tiontent coue(!Utra(,e 
mixture-dry boot pulp, 200 lb. ; dry skim milk, 50 lb. ; 
gluten milk, 50 lb, ; cod liver oil U. S. P., 25 to 35 et;. 
and some alfalfa hay. Two control groups w'oro run 
simultaneously, (1) entirely on a fat-poor ration, skim 
milk (0,01-0.02 per cent fab) along with the following 
concentrate mixture-ground molasses beet pulp, 100 lb. 
dry skim milk, 50 lb. ; starch, 60 lb. and eereloso, 25 lb, ; 
and (2) on wliole milk nob liomogenized. The ])oriods 
ranged from a few days to ii,bout six months. Tbe 
average daily intake::! of tiiitr’ionis per 100 lb. livre weight 
of caivos fed various fats end oils were 1,02 ib. for tbe 
whole milk, 1.82 lb. lor the buttei* oil, 1.57 lb. for the 
low fiit, 1.83 lb. for the lard, 2.0 lb. for the tallow, 1.71 
lb, for the coconut oil, I.Dti II). Ibr tlm pcauiit oil, 1.71 
lb. for the corn oil, 1.50 lb. for tlie (•oltons('ed oil, and 
1.37 lb. for tho soybean oil groups, d’ho .tverage daily 
gain in the weight of calves of tho rospoetivo groups wore 
l,4:i lb., 1.22 lb., 1.07 lh„ 1.17 lb., 1,2-1: lb., O.OG lb.. 
0.80 lb., 0.40 lb., 0,31 lb., .ind 0.32 lb. 

Tho calves fed butter fat oxcellod those in all other i’at 
or oil groiiiM in physie.d condition, goiieral well-being 
without any eomplaint of scour ami iu .ax-orago gain iu 
weight. Oorn»oil-cotton. .send oil and soybean-oil fed 
groups were tho lotist satisfaetery, iind the animals xvoro 
most severely affected with indigestion or scour among 
the other groups, and some of bliom died. 

Another significant difference noted between the 
groups was tho greater dopo,sition of fat in the carcasses 
of the milk-tat-fed calve.3. ' [B. 0. B, S.] 

Eaaymatic production o! bacterial polysaccharides. 
M. )Staci!:y (1942). Nature, IdOj 699 

SiavEtiv .14 inve.stigators iiave reported the synllicsi.s of 
Ifolysaocharivlo by en/.yin^ prep i, rat ions obtainod from 
various species of sp:)re-formin ^ b aeilli. Tho iiuthoi* 
also describes soiii) of his expuriineul s, in this Uric, wdiicb 
are of eousid.erable importance in tlie study of tho mcciift- 
iiisr)! of symbiosis of ye.ist ami l)a'*l eri:i.. 

ll'o found that /' riir.ono.'itor, ni "s'oPcrer/cs grown iu 
:syrnl)iotie assof.iiitioii \vil\i Sir,rJi.'tronb;/!ir.s ncraui'-iiue, forms 
mucoid dexbran mure raj)idly than when grown alone. 
Tiio production of tliis duxtran, at one stage, is attri- 
buted to ‘o.xoeellulai’ enzymatic action. 'fiie enzyme 
system is, on the other h.i.ad, suggeste 1 to be sharply 
stimulated by a fa<!tor elaborated hi .'t/in, by l<he lixdng 
yeast cells. 

The i)un(iod doxtraii [-^Id d- ISO' in w;i,f('r i'o)i(,ain,ed N 
0,5 per cetit JUid gaae) only glni'OS(> on acid hydrolysis., 
[N. P». D. | 

The value oS the rapid whole blood- -stained 
Antigen Aggiutiaatioii test in the eradication 
01 puUoruai disease. It. Gordon and 

G. G. BRAUDRii (l!):l:2). Vol. Jied, 54, 275-9. 

Thio comparative value of tlie riq)id wliole-hluod 
agglutination tost, using stained antigen, and. tlie routiu.: 
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serum tube test for the diagnosis of S. puUorum infection eleven districts in this area where ‘ block ’ inooulation 


was investigated under Held conditions. A total of 1760 
tests were carried out on three infected farms whereby an 
agreement of 98 . 34 per cent was established between the 
two tests. Twenty-nine birds gave conflicting results, 
but on bacteriological examination 6'. pullmim was re- 
covered from 16 out of ilO bii’ds thus tested. Actually 
out of 228 reactors, im-hidiiig thoso from which the casual 
organism ivas isola !('(.! tJie rapid whole-blood test and 
the serum tube test, showed an eri'or of 6.1 and 0.4- per 
cent respectively. In similar trials carried out on 1519 
birds, from which ,S'. puUoruni could not be isolated, the 
A serum tube test may have condemned 0.6 per cent and 
the rapid test 0.2 per cent. 

Better result, s were achieved in subsequent test made 
at the laboratory when an agroornent of 99.31 per pent 
was established. The authors liavo since used the rapid 
test on three other fairly heuAuly infected farms and 
concluded that this method, as a preliminary, has the 
advantage of elirninatiug a largo percentage of infected 
birds. [J. A. I.j 

Studies with equine streptococci, 3. Vaccination 
against strangles. P. M. Bazeley (1942). Ami. 
Vet.J., 18,141-55 

Tub view has been expressed after consulting the 
literature, that there is no satisfactory immunizing agent 
against the disease Strangles. The author using a 
cautiously hea,t killed vaccine sho\ved that a signifioaiit 
immunity could be established in mice. In the present 
paper he lias recorded his residts on horses using live types 
of vaccines. They are classitLed as follows : — 

Vaccine 1. Fomialiti-killed young-culture organisms. 
Vaccine 2. Foruialinizetl 3()-hour culture flltrate. 
Vaccine 3. Formalin-killed whole young culture. 
Vaccine 4. Formalinized 24-hou.t‘ whole culture. 
Vaccine 5, Cautiously heat-killed youug-ciilturo 
organisms. 

One strain of Stre equi — 572 was used tbi'oughout 
for the preparation of tliese vaccines, and proved 100 
per cent satisfactory in the type of growth and yields 
obtained. All tlie vaccines with the exception of tlio 
filtrate (2) and 24 hours whole culture (4) were stored at 
a temperature of 0“ 0. and 8“ 0. as their immunizing pro- 
perties wei’e seen to deteriorate when kept at room tem- 
0 perature. When put to field use, the vaccines were 
naturally exposed to an abnormally high temperature, 
and deterioration was noticed in Vaccine 3, the keeping 
quality of Vaccine 5, was, however*, in no way greatly 
lessened on account of this exposure, due probably to 
more exact and better conditions of mamxfaoture. In 
two field trials the vaccines were injected into groups 
of hor.ses to determine whether an immunity against 
Strangie.s could be set up. The first te.st on 1749 horses 
with vaccines 1, 2, 3, and 4 proved inconclusive, but in 
favour of a cautiously killed young culture vaccine. 
Ill a second and m re coniprclum.sive test using e.xclusively 
a heat killed young calture vaccine (No. 5) the product 
showed definite iminia i/uag powers, and appears to be 
the biologic of choico ibr the prevention of this disea.se. 
[D. A. M':j 

f TJie effect of large scale active immunization 
against anthrax. Max S'I’iokn io, -T. ]S[icol and 
M. (1. LAMi;iiikji['i.’,s, J. S. A. V. At. A., 13, 53*93 

Wi'i’ii ii \'iow In ;i.ssos.s LIk' .'.Ubcl, d! liirgu scale acfcivo 
i nun uni/, at. ion (d'c!i(,l,io ag'.iiust an Mum x on tike sub.ieqimnt 
iucidtuico ol llui (U.soaso llio aiitlioiM have coUoctod rolo- 
vant (lata IVojti .sos'oral JocaliLit)s ropresonting areas whoi’o 
■ active immunization had boon ])ractisod to different 
degnjos of inl.ousity. Tiro T’ranskoi was n, notoriously 
batiiy affectfjd locality. Data are piusontod (a) for 


of cattle against antluax was practised from 1928 ’ 
{h) for 15 other districts in the .same area wher*6 ‘ block ’ 
inoculation had not become completely enforced until 
1934 ; and (c) for the district of Mt. Currie where ‘ block ’ 
inoculation of cattle had never been practised : (d) for 
the province of Natal where ^ block ’ inoculation wa.s 
carried over parts of the territory while in other part.s 
inoculation had been carried out only if a case of anthrax 
occurred or had occurred in previous yoar.s ; and (c) for 
the rest of South Africa where control was not very 
effective, about J- to -Ir of the cattle population only 
being inoculated each year mostly at the option of tire 
farmers. 

The data oollectetl represent figures for each year from 
1 92 6 to 1941 and comprise of the total number of animals 
in the locality, tiro number inoculated, tlie number of 
outbreaks reported and the nmnhor of deaths from 0 , 11 - 
tluax. As an index to the accuracy of reports of cattle 
mortality the authors use the number of smears sent up 
for examination, whicli has convinced them that tlu' 
returns reflect the actual .state of affairs as regards f,li(( 
Transkei and Natal from the year 1935. 

A critical oxaminatioii of the data collected ha.s led the 
authors to' make the following ob.sorvations : 

“ Tliere is much leas anthrax in well-controlled and 
well-inoculated areas than in tho.so where inoculation,—' 
although on a considerable scale— is more haphazard, 
in the Transkei, once a heavily infected part, annual 
inoculation of all cattle is asssociated with a low incidence 
of anthrax. There is evidence that anthrax decrea.sod 
more rapidly in the district.s where ‘ block ’ inoculation 
was first carried out ”. Antlirax was now only rarely 
.s<:ien in the I’rauskoi, many districts having been clean 
for several years. The decrease of anthrax in Natal, 
although notable, was not .so inarked as in the Transkei 
in-ebaldy because ‘ block ’ inoculation of the entire cattle 
population was riot practised. As regards the rest of 
Soutli Africa th * po,sition was much more worse 0 orrea- 
ponding with the ruore haphazard nature of the inocu* 
lations. [V. B. B.'] 

Sulfaguanidme feeding as a control measure for 
cecalcoecidiosis of Chickens. MabionM.Farr 
and Rex W. Allen (1942). J. Amer. mt. med. 
Am., 100, 47-51 

'Jhiio authors have doraonstratod the prophylactic actioii 
(»f sulfiiguanidine against oecral coccidiosis in very young 
clucks (12 to 16 days old). When fed with 1 or 2 per 
liont sullaguanidino mash for three days before and nine 
days after liiuculation with Eimeria tmella (43,000 oocysts 
birds showed no .symiitoms, lesions or cocoidial foitns. 
'I’his drug has no curative effect since birds receiving 
tlnxKi or ti\-(' per cent medicated mash daily at the first 
aiipearance of blood in the droppings showed no signifi- 
caiit benefit. It was observed that birds which were 
procted frem an initial infection by sulfaguanidine were 
hl-dfly su.scjptible to a reinoculation of 95,000 oocys ts 
•>fr(lay.s later. The average gain in weight sliowed by 
the iiioculated oentrok was found to l>e loss than that 
of the birds receiving pi'Ophylactic doses of sulfaguanidine 
and ‘ greater than that of the birds receiving medicated 
mash as n curative agent.’ [H. N. B.] 

Observations on the control of biirsate nematode 
by the chemical treatment of manure. T. W« 
i\r Oambuion, and .L VV . J?arnell (1930). Vol 
Fo«u, 3, 319-29 

BUBS-vris round worm.s atfeot both Iniman beings and 
domestic animals. Attempts to do.stroy parasitic stages 
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hi tho host have laid very eucouragiug results in man, 
horses and dogs ; muchless so in rutaiinants. The applica- 
tion of mass troatmouts of Jimn and animal!--, is not, how- 
OA'cr witliout its disaihsmtages : financial as well as 
fuhninistralive and rjonsoquentlj' comparatively little 
has been dune. Idiere remains, therefore the treatment 
of 1's.ival material before it is used as maimi'e. This 
may bo jihysical, chemical or both. The lihysieal treat- 
ment involves natural or artilieial heat as a killing agent. 
Natural hoa,t may he generated in a well -packed manure 
pile or in an insulated manure box. Artificial heat 
immh'os a speciallj^ constructed manure box. 

( 'omjiaratively little has been done to find chemical 
jnothods of destroying the free-living .stages of the nema- 
todes. It is a, problem which presents many difficulties 
probably the greatest of which is the fact that the oggs- 
and larva; are ahvay.s in close contact with fajces, soil or 
grass, and man,v chemicals which might be used are par- 
tially or corapletelj^ counteracted by contact with organic 
m.'itter. Nevertheless cliemieal control of all froe-living 
stages does appear to have ccnsidei’able practical possibi- 
lities. It offers opportunity of using fa3cal material 
as manure and even of enriching the mauurial value and 
it doe.s not uecas.sitato .special eciuiptorent. 

The joint author. s rocord their experience with nhiety- 
oiglit choniioals while dealing witix (Selerosfcome.s of horses. 

1. Some chemicals such as flov'ers of sulphur destroy 
only the fungi without affecting the eggs or the larva 
of worms. 

2. Some clieniicals, .such a.s ferrous sulphide, ferric 
oxide, ground linie.stono, rock phixsphate, basic .slage, 
derris, white holledore, and pyrethrum powders are 
inert. 

3. Some chlorides and .sulphates, sodium and potas.siu-m 
hydroxide and pota.s,sium permanganate occa.sioaraUy 
cause axsheathment. Tliese chemicals, in slightly greater 
proportions, generally also, cause the death of the lariuc. 

4. A largo number of chemicals mi.xod with freces in 
certain proportions allow a eonsiderablo niimbor of eggs 
to hatch and the larv© to reach the infective stage and 
then compratively rapidly kill the larvic. Such ciiemiea Is 
■are quicklime, cupric, ferric ami ferrous sidpliatos, zinc 
sulphate and zinc .sulphide, tlie ehloride.s of copper, iren 
and zinc, cupric nitrate, sodium fluoi-ilicate and oxy- 
quinoline sulphate. Other chemicals winch cause dc- 
lajred death are nicotino sulpliutc, trisodium phosphate, 
sulphate and chloride of manganese, sodium and inag- 
nesium borate strong crosol, phenol and calciurn hypo- 
chloride 

5. Larva; having thick sheath and the egg in the centre 
if the.liunp of ficces may be protected from the action of 
chemicals. 

^ 0. Applied dry, chemicals whicli arc deliquescent have 

more prospect of being ol practical value, foi' the moistui'o 
wliich they attiact may also attiact the larva;. With 
very lethal cliomicals, sucli as iodine salts, it Ims been 
ibund tlnit very considerably less chemical is neces,stiv,\' 
to pioduco sterilization with a very weak rather tluui 
vit.h a very strong solution. 

Some chemicals such as chlorojiicriu, calcimu cyauido. 
naphthalene, O’ imd jiara’ dicjilorobcniseno can be used 
as’ gases. 

The coiSt of tiie ciicmical has also to bo taken into 
account. Lbino has imn-o or less all the adyantagos. 
Another class el chemicals are the artiliciul lei iili/.iss. 
Aniline ami pyridine are letluil both to fly larvie uud 
sciei’otomo larva), '^flio adviiiitagi' el .such a ilual stcii- 
lizer is obvious from the ocouoimc point of view. 

At the end of the article is given a list of chemuals 
used, with the percentage necessary to cause sterlizatiou 
a,nd the atrongth of tho solution to be used. [G. D. B.j 


Studies on the chemical composition of the Mood 
of dairy cattle IIL The noma! concentration 
of Inorganic Phosphorus in the whole Mood of 
■ dairy cattle and faetors affecting it. Landingham, 
H. 0. Henderson, and G. A. Bowling (1942). 
J. Dairy Sci., 85, 529. 

TiiK authors havo studied tiio imruud \'iiiu(.,s of iho 
conci'Jitx'-ttiun of morgai.ic phosi.iiorus in luoro Ijifin iloi) 

samples of whole blood ti\,k(.)ii fnnu oh itairy cattlo 

cows and hoifers, duriug the jiorieds el giowih. post; it ion, 
ami lactation at ililforont ■•.ea.soiis of Uie \ tvir and willi 
and without exposure to smiiighi. Tho Ki;-=Uo aud Kub- 
barow jnothod for inorganic pliospho.'ns was fohoved for 
analysis. 

'fliey observed no indicatioa of any diff'ort'iH'i' in th‘" 
inorganic phosjjhorns content of 1 lie blood as a result of 
tlio radioJi sup]ilyitig liberal <|ua.ditk's o]' plio '.phorus. 

in the case of. growing heifers calve.;, ago Vvas ibund 
to bo the jixost iniportiiut factor affi’cting ll.e conccntni- 
tion oi’ inorganic phosplmtus in tlio Idooti ; vbicli showi'd 
an incronsc -with ago iiji to aliout llio .sixlii or >;(3\'uatii 
month aJid Ihon .1 gradual dt'i'lint' as the animals grew 
ohlor. 'I’ho m.iximuiu vidue, 7 ■ ! .’> in.g. jior J(l(t ml. 
wliolo Moot I, was I ccord(‘il dm i" g I li“ ;',e\ ciuii numt !i, 

W'itli hu'latiitg < ows, a ilecroasc in ('h‘ blm d itmtg.'uii: 
jiito.-plionis, vta.s uotc'd ui<h a.i. im r<-a'U. i.' (I;< mimhm- of 
lactations up le tdimit I'.io third or imirlli laedat ioxi-t. 
Duriug till' poiiod of (it <t gi'staiimi a Io.'.im’ cok.'c iitratiou 
ui' iiioigaiiii; plicMplioriis (.(.SI mg. pm' lt)P Jiit, wliolo 
bluccl) was obsorned in (lie blood oi' lieifors titan iu tliiil. 
(*,.(;;♦ mg, per IDO ml. wlmlc' blood) oJ' non-i'm-ignant 
licilbis oi’ (be samo agp. d’be iiiorguuic jihospliorus N'alue 
showed pr.tc( jc.illy no chaiigo t Iirouglmul (ho first laciu- 
tion poi md, l)ui. (bop|n'<l. readil.s' j oai t lie c iid oi' ( he soeoncl 
god.atit,i; piudod and cluriug' tin' (ir.sl tliieo moiitii,-, of ( lie 
laetiitimi, (.lit'rea fter tlio xalnc' iuci'eased (t, '-amo le\ol 
as ihiring tint (irst laclalioii. 'i la xaliK' i-howod again 
decrease m the Ititacir (uirt of llii' lliini m'.daijcm pewiod 
nuilfot tlio lirat txro or three' montiis of ( he i.liiid liutaliou. 
.\fli'r the (hircl lactaljoii no sigo,i(ican( chaii'n' in Mood 
conijjosition was obserx’cd. 

'The data obtani'. cl ft»r grow ing heifer,, from i ho tun of 
one month (o (Iw tiua' of tirs-t c.iUmg ditl not iudicaie 
any .seasonal i.lti ct iipc'ii (lie inc. rgmiic pliosjilioriis eoii- 
t.C'id of (lie blood, d'hc fac(. ilia!, (he animals uc-rc con- 
llued to (he barn coetim'.mi.tiy or pen, lilted (o run oiiiiddc 
in fax'oiindilc; wcaiher, also made no diffbreiico. iluw- 
cvc'f, Ihi'i'c was a strou;; t* nd.'i'c'V for daity cows afici' 
the,' tiist laclitt.iiiii to sliuw a lower eouccui rat ion of in- 
organic plio.'-jilioi ns in llie hiitod dmiiig tho wjid.'r a'xl 
cnily spring lhaii during the summor nml oiirlv fall. 
(S.A.M.J" 

Vitamift A deficiencies ia ruiiiinaiits. l-i . iSghim idu:. 
(1042). Amcr. J. vo.L Iks., 2, .375 

'I’ni'; iiuthor si.mlietl the effect oi' tlio ', il.imi'i d. li- 
i-icuey in food mi (altli', .-hoop and noiit. ili' de'..',‘ih(.(l 
the syiujtloms, di pletion period ami tlw efloct of .nipple- 
Jiifiii ling tlio I'cod with (.he sonrec.'J oJ' 'i il.imii; .\ and caio 
tfuio, 'J'lie mii.iiraim rcijnii'cjeenl o! Ilii,-- cou.il iiin ut in 
cattle, .-hci'p and go;tt foi maiidemi iee was .dso worked 
oo.t. 

One. group of cattie was I'wl on a, vitamin .A dclicnnt 
talioii consisting of isiKim-n od meal, i-ot l on-i'.t'i d Imll- 
and white grain. 'ITc (onirel crmip ler. ived all'all'a 
Jiay in additioji to tlio deiicicnl. diet. .After !:!(» dav' 'in 
tills feed the c-xjieriiiu'nlal animab; .'-topped grevvin.f and 
started to lose weiglifc. 'I'hoy al.so showed nigli{ . lilimh.c-.s. 
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‘l-i.-.r'liavffc IVoni IIk; ('yo.-, ami iioho. in Homo oases ulooration, 
ol Lli(. ((in<a, va|'ri<[ ronjiirai ion iLuriuir tiio wanner pai'fc 
oi tiie (lay and (naiueid oonvi ilsiors. Idnir of the oxi)ori- 
niiitta! miii/'al . m-U' given t.liUrjcni doses uf eod liVor 
oil and 1 lioj hiado a !M[ Id n'oovi'ry. Tlnri' otln'r ai iiiials 
'-’‘-I'e ;.M\on tli(' f.uno doHo? (>f cod livor oil in wliielt 
Uio \il'iiiii!i d, V as (l(’Htif)_\ o'l aiul, ila a'.nimals showeti il() 
iiniii'ux onH"it. At i liis .-taadi tim food was iiii[)])]otnoi led 
With alL'tdld hay ;md ]in!n oi'^ atallife eatoteiio ii maize- 
oil. 'I'lie aj iimds inadi' a itij.id recovery. "I’ho annuals 
witiioiit vitamin A s\i|)]>lomc!i.t di('d ou llio ITtllh day of 
cx]K‘nmcnt. Oh.seixatious idiowajd lluil Jiigld-blindno.ss 
was the I'lrst not i( cable Hviiiptom in the dovcloptnout of 
\’itamui d. dcliticmy ::\ndiomt. and tla^ antiior u.scid it 
as a LMiidc m dctoDiiining ila' diijslclioji oi vilainiii A 
body roac'ivc. it \\as .i-a crtaiiu'd that, the optimum ve- 
(jiiirommd of caroleac' for c:(tll(( was ’i.nOO y 

pc!' Kin il). hodv wr'iiiht, and tlii.s would ])reve!it 
thf* anirnid ftoin d( vtdoping uialit-bljnducHs. 

Kni'tlicr oxitorimonlf v, oro aiTanved to fioloriniuo tlio 
vitamiti A 3 ci jnii'iMUf'nt of tiie. sheep iiud ajigora goals. 
'I'iie jiictni'e of vititmiu deficiency in slice]) and goals 
was ililfcrcid fi'om tho..>e of {.idllo. Loss of apiietilo 
lasting for scveiid weeks, loi-r of w (‘igiil v it h an uiitlirifty 
appctiraiic.o, night -blindnc'ss and ua.sal di.scliui'go could 
be noted. Opaeily of tho eoraca .swelling of Ihe limbs 
iuaL convulsioj.s wine not a costaiil icalin’o. 'Phe dc- 
})loti(ji' time varital according lo the cxc.ct seasonal time 
that llic-.t wi I'e ])nt osr di'* eX])C! iinent. It was, noted that 
the deidctioii time of tin. goats liorts arcaind llio first of 
March and phiced on th*' didiiicncy diet in latlor ])eu’ 1 of 
Koveinbt'r was 'amgi’r 1 hau fhoi-e animals liorn ahonl 
tho same lime and ])laccd oi e>:])Ovimcr.l in tho middln 
of February. 'Phis imlii aled that young jinimals gmzing 
during tlioir lirsl sujinner ac((niro a dclhiiLo body future} 
of vitamin 'Plio survival period in .sheep ami goats 
on vilamin A iroo diet varied I'rojn 1:120-455 da 3 'P tuwl 100- 
312 daj'S re.«pc(.f ively, dVheu night-bliudnoss was used 
fis a yardfitifk, the determination of tbe depletion period 
in sheep and goat w'as much more difticult than it Ava.s . 
in cattle. Abo Ihci'O weio no otlu'r chnioal imlicatious 
t(j deteriniuo aci H!atc>l\ tho dr. plotion period. It wa.s 
pointed out tlnd 750 Y carotene jier 100 lb. of live weight 
might be .snftidenl under ordinary eij’cnmst.nices hut 
in tho Ciisc oJ’sti'ess miahl. hi' loo low . It was also poialcd 
out that in flie vitamin A delieicut ai.imals iirinaiy 
occhisior dc\-elo])cd from day.o.^ 

Tho author described tho .sonrec.s of vitamin A undor 
natural condition. Creen plants contniuod o])inidance' 
ofcaiolon* but as soon as the ])lant died, bo it wIjcu it 
W'as cut for liay oi' from other causes, the destruction 
of the carotene iicgau and ju'Ocecckd at a rajiiil tatee.spe- 
cialty in prcsenco ol’liglit. 

Raiiid diwing at liiah tentpcratm'o of freshly cut green 
alfalfa ha^' jiroscrved much of the carotene. 

Tho author analysed the liver of the young born smd 
found v’itainin ro.'-'cr’r e. lie poi/itcd out tliaf tbe^'^ u)u.st 
receive cui'otcnc nr if amir '-non after birth, fl). N- M.| 

Fost-morteiii. changes in lew York dressed, 
poultry at S5°F. G. 'If. Stew.4rt, Belle Low'e 
and MAFtY Moor (194d). U. S. Egg and 
Povliry Mag., 47, 542 

■Most of the puulny s.ild in tin- largo con.nming markiit.s 
ol' till! Ih Kcd Slatis Ol" .\ii’i-!-ica aic New' York drc.'.>' 0 (l 
(bled and piinckcd but not drawjr). During tlio cour.se 
nfmarkcling the;, aic held a! 3(>--M)‘ I'b for varying inler- 
\aL''-. someiimis Inr ft". oral divy.“', befere being eviscerated 
( ’ojiwcqneid'lv tlicre is hlvclv to l>e vaiiations in flavour 
"'and aroma, iis well tis IcFiiiorncss ol Ibo e{ir(’aHS. .I.bis 
iiivostigatior was undertaken to delermiho how long 


jmuhg eliickena (boilers .and fryor.s) should Ito bold at 
35‘'P. to ])<::rinit the passiiong of rdyor ■niortlH and hiring 
a.boiit the optinuim degreo of temlerrioss, as w'cll as to 
st.Uily tho kil l! find dogl’oe of detoriorative changes which 
occur iu N(.nv York dre.ssed poultry lield at the aiiove 
tcmpei’atin'o. 

IVIiito Ijoghoru cockerels weighing 2';) lb. aftiu' being 
.killed, bled and iilucked were jilacoilin a room at 35d:l”F. 
After various ir.iervals of time carcasse.s were removed, 
eviscerated, ccoked jind studied. Cooking, palatability 
and shearing tests w’oro canied out with the meat of 
these birds. 

The results of the study showed that ISTorv Y'oik dre.s.sed 
bird* hung in air at .‘IS^F. began to nudei'go deteriorative 
ehaiiges witliiu 8 hour.s after killijig ; the fir'at of which wais 
tlie appearance of a bile .stair, on tlio liver, Off-odoiu'.s 
in the kidrey' area hecEunh dearly n<.)ti(;eab]o aftoi' 24 
liours. The.s6 gmdnally spread and iiii.onsiiieil linalty rea- 
ching tho wing joint in four days -whereafter thei'e soeraed 
to be no further increase. From the llavour srores of tbe 
cooked meat it wa.s evident that deteriorative cbsinges 
set in almost at once as seen in tiio meat of the thigh and 
brea.st muscles and became plao/Iy roiieeable in 48 boura 
but progre.ssed le.s.s rapidly in the lattei'. R-ir^or 
ntorfi.<t was found to set in during cooking wlien birds w-ere 
held ]e.s.s than 4 hours and often remained even after cook- 
■ ing but never occurred after eight hoursof holding. Tender- 
ness in jroultry meat increa,sed rapidly with the pns, sing 
of rigor. Tho lo.s3 of sliearing force in the cooked breast 
m'uscle seemed to coincide exaetlyi^ with tlie increase In the 
judges score of tendernes.®. Thera seemed to be little 
iirereaae in tenderness after 24 hours at 35'’F. (The 
term ‘ shearing force ’ is used, to denote tlie force nocessarj’’ 
to eiit olf a portion from the whole, in thi,s ease the 
roferonce i.s to meat. [T. S. K.'| 

The effect of high4emperature short-time 
Sorewamiing of milk upon the heat stability 
of its evaporated pi^oduct. B. H. Webb and 
R. W. Bell (1942). J. Dairy ScL, 25, 301 

The effect of high heat treatment or ‘ liigh-teraperatur® 
forewarming, of milk upon tlie heat .stall ility of evap" 
orated milk made from it ha.s been studied. Milk 
sta-ndardiz-od to a fat, .s'olids-not-fat ratio of 1 : 2’ 29, was 
foj'ewarmed (by forcing it through 0.18 inch .T.D. stainless 
steel tubular lieaters) over a range of temperatures from 
JOl^C. to 165'’C. in 4 .second, s, hold for 25 second') and 
cooled to a temperature lesss tlian SS^O. in 4 seconds. 
Tbe forowartned milk was the n concentrated under 28 to 
29 inches of vaccum to less than one half of its initial 
weight, quickly ht^ated to 80“0., homogenized at once 
under 2500 pounds per .square inch pre.ssure, cooled and 
standardized with water to 26 per cent total solid.s (18 
per cent .solids content in the case of skim milk). As 
skim milk did not always produce the sa'me typo of heat 
.stability curve a.s whole Jnilk, most of tho experiments 
wei’e conducted -with w'hole milk. Control samples 
were forowar'med (by heating with thorough agitation 
in a steam jacketed kettle) to OS^C. and held for 10 
ininuto.s. Heat stsihility detei’uiinfi.tion.s -were made by 
heating the samples of concenti'ated milk in .s'mall can.s 
in a pilot .sterili'zer (steriliz-ation temperature 116“ C. for 
whole milk and 120°G. for skiin milk) until coagula- 
tion was observed. When stfibilizing salts were used, 

1 ml. of standard salt (plio.spbato or calciij'm) .solution 
was added to 130 ml. of milk. 

Heat stability of tho t6.st samples was generally about 
two and occasionally as much as six times greater than 
tl)at of tho control samples. Tlie degree of .stability 
brought about was not the same in various samples of 
milk apd the average values for the stability of whol ^ 
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millfH forewarmed to 95"C/. and to 140®C. wore 4-3 and 86 
niillcs-rospeetively. MIHck of excessive acidity coagulated 
wlien. subjected to high temperature forewarming, but 
normal milks of good cpiality withstood temperatures 
of ISO^C. to J60°(j. without coagulating. Undo.sirablo 
changes in colour and 11 avoiir and an increase in acid 
intensity were noticed when forewarming tompei-atures 
above wore used. 

It was oljsorvod that milks, falling within the stability 
range of 25 to 40 minutes, possessed a commercially 
acceptable body. Milks below this range showed a 
slight grain or wore of excessive viscosity, and those with 
a stability greater than 40 minutes were thin at the end 
of an 18 minutes sterilization period. The data indicate 
that the high forewarhiing tetaiperature requii’ed to 
produce an evaporated milk of a certain desired viscosity 
may be within limits 2°C. for on© milk or within limits 
as wide as 60°0. for another milk. The optimum tempe- 
rature depends upon the nature of the stability curve for 
each milk and hexice its estimation presents some diffi- 
culties, although it usually falls between 130°C. and 
140°0, when a coming up time of 4 soeonds and a holding 
time of 25 seconds are user]. When no clue is available 
the safest j>rocedure would be to foi'ewainn the milk to 
130 — 145°{J. for 2,5 sceomls. 

In the caae of mildly aged milks, forowai-iuing to the 
.proper liigh tornporaturo was an effective measuro of 
stabilizing the concentrated milk toward sterilization. 
Uso of tlie optimum higli forowar'raing tomporatnros 
brought about, in the milks tested, a greater increase in 
heat stability in the evaporated milk than could b(( 
attained by the addition of tlie optimum quantity of 
stabilizing salts to a normally forewarmetl milk. Tire 
heat stability and body of evaporated milks coidd bo 
controlled without the uso of stabilizing .siilts by .steriliz- 
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ing tbo proper blond of i.iio normally foriHvar'mod and high 
temperature forovvannod milks and sluhhi eoucantrato 
mixture suitable for sterilization could ]'>o obtiaiued by 
high temperatui’o forowarmiug some 25 to 5()]icr cent 
of the milk received ill the coud('usory. [(.). P. A.] 

Spirit blue agar : A medium Sor the detection of 
Lipolytic organisms. Stabe, M. P. 1041 
^Science, 93 (2414), 333 

A SENSITIVE differential inodium which could, not harm 
appreciably the growbli of the organisms and which 
could detect fat splitting organislms is given. Thirty 
gm. of agar, 10 gm. of tryptoiie and 5 gm. of yeast ex- 
tract are dissolved in approximately 900 ml. of distilled 
water by autoclaving for several minutes. After 
complete solution, 25 ml, of 20 per cent cotton soad oil 
emulsion [ 100 ml, offrosli cotton seed oil (wesson) 10 gin . 
of finely ground gum arabic and 400 ml. of warm dis- 
tilled water and 50 ml. of previously tilterod 0'3 por 
cent alcoholic solutinii of sjhrib blue (J^ational Anilino) 
ar«i added, 'fho inixtiiro is made iij) to one litre with 
distilled water] and the modiuni steidllzed by autoclaving 
for 15 minutes at 15 lb. pressunu lUidier ]»our plates 
or str<t;ik plates are recidmiUMidod. Tlie nu'diiim should 
be stored iii the cold to ]irevnut ()N:i<lat ion. Itefrigeratod 
.stm'ile plates of spirit blue ugar keeps for over 3 mouths. 
Oolouio.s of lipolytic, organisms uri' rcc.oguizod by tlu' 
dov^'lop iiU'iit of a ))erin,uu’ul disip blue eoleur hmu'atli Mie 
svuToiiuditig colony. While <"Camining the growth 
characterist ics aud liiiolytfc act ivity of about 200 species 
of bacteria, .yeast and molds, no iuhihitiou of growth or 
lipolysls was noted. Total counts iii dairy producta and 
the number of lipolytic organisms in tlie same eoulil be 
determined with this medium, [E. V. S. j 
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b’ROM biochemical studies on materials from 
jases of ‘osteomalacia’ in Hyderabad [Mahajan, 
19C4-35], it can now be suggested that fluorine 
is mainly concerned in producing the affection 
[Majumdar, Ray and Sen 1943]. Clinical and 
ipizootiological findings of Vishwanathan 

.[1934-35] and Ramiah [1939-40] pflint to 

, :lic same aetiology in ‘rheumatic artliiitis' of 
.-attle in Madras. 

[ As regards the pathology of these affections, 
:‘.ittle information is available, except that clini- 
cally and in gross osseous changes, the condi- 
tion resembles osteomalacia. It was ueces- 
saty, therefore, to investigate these cases from 
a pathological standpoint. As regards osseous 
changes, it is generally agreed [Rohoiin, 1937 ] 
Cohrs, 1941] that these are greatly influenced 
by such factors as age, dosage and nature of 
fluorine compounds, the duration of ingestion, 
and the animal’s prevailhig dietetic condition. 
Before studying materials from spontaneous 
cases, it was, therefore, decided to examine 
materials from experimentally-induced cases in 
which the factors concerned could be adequately 
controlled. In this paper the pathological 
findings are described of bones from fully 
mature hill bulls which had been fed with 
3-4 mg. fluorine per kgrn. body weight. The 
animals examined belonged to the ‘high 
fluorine’ group of bulls fed by Majumdar et al 
I' 1934] and an account of feeding of these ani- 
mals and the dose of fluorine administered can 
be consulted from a recent publication by these 
authors. 

The following is the clinical protocol of 
.animals of the group, 

I-Iill hull No. 167 

Four years and six mouths, NaF ingestion for 
alioiit nine months. 

Clinical. Gradual loss of weight, general 
emaciation, hide-bound appearance, skin denu- 
ded of hair in patches, bowels irregular, belly 


tucked up, haemorrhage from nose, conjuncti- 
val membranes anaemic, prolonged decubitus 
and difficulty in rising, exostoses present on the 
left mataoarpus and left metatartus. 

Blood 'picture. Rbo,2.6, Wbc.12.5, Hb. 

3-6; Lymph 72 per cent, Neutro. 28 per cent, 
Eosino. Baso. and Mono. 0 per cent, 

'Hill bull No. 180 

Four years and six months, NaF ingestion for 
about lu months. 

Cunioal. Extreme emaciation, scurfy coat, 
bed sores on the skin, eyes sunken, lachryma- 
tion and excoriation of skin below the inner 
canthi of eyes, upward cui’vature of oolumna, 
appetite impaired, periodic diarrhoea, hoofs 
cracked and elongated, and the left hind leg 
often kejit raised from the ground due to frac- 
ture of the thigh bone. Right matacarpus 
showed several nodular growths, left metacar- 
pus showed a flattened exostosis, left metatarsus 
stouter than the right one. 

Blood picture. Rbc. 8.5, Who. 12-5, Hb, 8.2, 
Lyrnpho. 59 per cent. Neutro. 38-6 and Mqpo.. 
Eosino, and Baso. 0 per cent, and Mono. 
2.5 per cent. 

Hill bull No. 4:02 

Seven years, NaF ingestion for about 10 
months. 

Clinical. General loss of condition and 
weight, hidebound appearance, loss of appetite, 
occasional diarrhoea, stiffness of gait, eyes 
sunken, visible mucosae anaemic, hoofs elong- 
ated and cracked. Both the metacarpal bones 
appeared thicker than normal due to the pre- 
sence of extensive exostoses occupying more or 
less the entire anterior surfaces of the bones; 
right metatarsus had a nodular exostosis about 
the middle of the shaft and palpable periosteal 
thickenings on the anterior surface of both ends 
of the bone. 

Blood picture. Rbc. 6.1, Wbc. 5.0, Hb, 9 2, 
Lyrnpho, 57*5 per cepi, Neutro, 42*0 per cent 
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Bosino. and Base. 0 per cent and Mono. 0*5 
per cent. 
mu bull No. 89 

B'ive years and eight months, feed basal diet 
alone for nine months. 

Glinical. The animal showed no signs of 
abnormality and no exostoses on any of the long 
hones. 

Blood picture. Rbc. 6.5, Wbc. 8.5, Hb. 11.9, 
Lympho. 53.8 per cent, Neutro. 30.5 per cent, 
Eosino. 10.2 per cent, Baso. 0.25 per ceint, and 
Mono. 5.25 per cent. 

Gross pathology 

The osseous changes under this heading may 
be considered as common to all animals of the 
‘High Fluorine Group’. After maceration, all 
bones appeared whiter than normal, and the 
exostoses porous on close examination. None of 
the bones could be cut with a knife, but some, 
when tested with a saw yielded more easily to 
a depth corresponding to the thickness of the 
exostoses. The periosteum over the exostoses 
appeared to be thickened, closely adherent to 
the bone and markedly hyperaemic. The 
mari'ow was gelatinous and contained reddened 
patches and dilated capillaries, this feature being- 
more marked in the metaphyses. On longitudi- 
nal section of the femur, the compacta revealed 
an irregular thickness and isolated areas (Plate 
XVI, fig. 1) of esorbed bone. Sections of bone 
across the exostoses revealed the latter as 
sharply defined areas, whiter in colour than 
normal compacta, from which it was clearly 
demarcated by a line (Plate XVI, fig. 2) and 
could often be detached during sawing. Gen- 
erally, the cut surface of the compacta appears 
smooth, but in areas showing active periosteal 
growth, the cut surfaces reveal ‘islands’ of 
slightly hyperaemic soft tissue, presumably 
residual masses of periosteum entrapped due to 
their inability to keep pace with the growing 
exostoses. 

The metaphyses were composed of a smaller 
number of loose and thin trabeculae enclosing 
wide spaces containing rather little hyperaemic 
marrow^ The epiphyseal cartilages were wavy 
in outline and irregular in width. Long bones 
without palpable exostoses during life revealed 
thickened subperiosteal tissue which had been 
transformed into a white granular layer, repre- 
senting the early stages of an exostosis. 

On longitudinal section of the costal epiphysis 
the cartilaginous junction appeared ais an irregu- 
lar line with tongue.s of cartilage projecting into 
the subchondral spongioss-. 


PIlSTOrATIIOLOGY 

Pieces of bone, 2-3 mm. thick, were fixed in 
5 per cent neutral formol-saUne, decalcified in 
5 per cent nitric acid in 60 per cent alcohol 
followed by washing in 70 per cent alcohol 
The tissues were then passed through chloro- 
form to paraffin, according to the technique 
given by Kolin [1942]. In some cases exos- 
toses and costal epiphyses were examined with- '' 
out decalcification by the method of Thomas, 
Clark and Schulz [1940], followed by staining 
by V, Kossa’s method or its modification bv 
Moolman [1941]. 

For histological work the lesions selected 
were those on the metatarsal and metacarpal 
bones, the epiphysis and diaphysis of the rib 
and the distal extremity of the femur. A des- 
cription more or less common, to all the three 
fluorosis cases is given. 

Metacarpus and metatarsus 
Cross sections at the level of the exostosis usual- 
ly revealed three wnll-defined zones (Plate XVTT *’ 
fig. 1), the innermost corrt'sponding to the old 
compacta, the middle to the exostosis and the 
outermost to the periosteum. Microscopically, 
the exostosis was found to he composed of a 
mesh-work of trabeculae arising from the outer- 
limit of the old compacta. The portion of 
exostosis, adjacent to the old compacta, was 
more compact in appearance, and the trabe- 
cnlae for the most part better calcified with 
well -developed psteocytes and only thin osteoid 
borders. The part of the exostosis towards the 
periphery, on the other hand, looked morej. - 
spong.Y, the trabeculae being arranged more 
irregularly with wider spaces between them, and 
consisting of poorly calcified axes and wider un- 
ealeified. osteoid tissues on either side. The 
faulty nature and the poor degree of calcifica- 
tion of the trabeculae in this part were revealed 
by V. Kossa’s method as irregular black- 
stained masses of calcium scattered through the 
matrix (Plate XVIII, fig. 1). These seldom 
coalesced to form one continuous black colour as 
in normal bone. The osteoid tissues were lined 
by a single layer of osteoblasts, and similfu’ colls 
-were found on the surface of the cal(.‘,ilying, 
osteoid tissues, although the latter also con.\ 
tained osteocytes. The residual masses of ])on- ‘ 
osteum in the growing exostosis showed ossi- 
fication (Plate XVIT, fig. 2) by metaplasia. 
This was apparently brought about by the 
formation of numerous acidophilic masses 
which later coalesced to . form trabeculae lined 
with osteoblasts arising from the perioste-^-' 



Cii,se, No. liSD— -Loi)”'il'ii(lii)ul section of 
i]ic costal cpipliysis sliowiiifj; the j)re- 
sence ol imnicvous osteoblasts. Con- 
densation of collagenous fibrils and the 
forniation of new trabeculae by meta- 
plasj>. Noti- flic iiicgular disposition 


Case No. ISO -Longitudinal s('(‘tion o 
the costal epiphysis slowing two 1ra,b(' 
culae with an apposition of synevtia 
masses around each. Note osteoblast 
and osteocytes, and a syncytial bud a,ris 
ing from the miiiii mils'.. 
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tissue. By the samfe process of metaplasia, 
the periosteum at its outer limit was trans- 
formed into bone. The iiitertrabecular spaces 
contained osteoblasts and other ceils of the 
periosteum. In the region where the perios- 
teum still persisted, the subperiosteal _ tissue 
contained numerous osteoblasts, indicating peri- 
osteal activity for the formation of new bone. 

Histologically, the architecture of the old 
cornpacta showed an abnormal disposition of 
^■oung haversian canals. The^ formation of 
dhe^se structures at one part of a section was 
found to have proceeded at a high speed, so 
that •'they were closely crowded (Plate XVII, fig. 

while .at other parts no such changes were 
■.discernible? Sewly formed haversian canals 
..were composed entirely of osteoid tissue (Plate 
XVIII, fig. 3), which showed poor or no signs oi 

'ilamellahion and irregular calcification. Certain 
iireas in the diaphysis, comprising the outer 
. limit of the old cornpacta, showed numerous 
cement lines indicating active periosteal appo- 
sition of bone in which the lamellae were poorly 
calcified and the interlamellar spaces traversed 
by VolkmaiPs panals. hn the cour.se of these 
canals young haversian spaces 
: he developing, and the previous lamex*ar auai ge- 
; 3 Xient giving place to a haversian system 
damellae formation. This seemed to have 
iarisea by osteoclastic resorption_ of the existing 
: Uamellae, subsequent deposition of osteoid 
Tissues and finally canalization of this tissue. 
lA. potential haversian canal, appearing in the 
osteoid tissue thus formed, contained a conglo- 
raeration of osteoblasts,^ and the same cells were 
* scattered on the osteoid tissue (Plate XVIII, 
:fig. 3), indicating its osteoblastic origin. 
Haversian canals of similar nature and origin 
were found in the earlier formed layers of the 
(exostosis, thus tending to obliterate the line of 
demarcation between the newly-fonned hone 
and the original cornpacta. 


resorption of the original trabeculae by osteo- 
clasts or osteoblasts, a subsequent development 
of collagenous fibrils and finally the formation 
therefrom of young trabeculae. The collage- 
nous tissue from which the young trabeculae 
arose, were being transformed into small and 
irregular matrices (Plate XVI, fig. 3) resulting 
from condensation of the fibrils into homogenous 
masses aeidophilie in character. These fused 
together to form trabeculae in which osteoblasts 
of the original tissue still predominated. The 
trabeculae thus formed were poorly calcified and 
the osteoblasts had acquired lacunar spaces and 
were being transformed into osteocytes. These 
trabeculae were often irregularly disposed and 
their osteoid borders while not abnormal in 
width, unlike those of normally calcified trabe- 
culae, were irregularly demarcated from the 
calcified zone. V. Kossa’s method revealed the 
axial parts of the trabeculae as irregularly calci- 
fied zones (Plate XVII, fig. 4), having rugged 
borders against the osteoid tissue. The osteoid 
contained few osteoblasts on the surface and a 
single layer of similar cells on the free borders. 

Lower down in the metaphyseal spongiosa 
were found trabeculae which, although poorly 
and irregularly calcified, possessed no definite 
osteoid borders. Instead, each of them was 
closely apposed to a syncytium of osteoblasts, 
some of which were enclosed in lacunar spaces. 
These tissues appeared to have proliferated, 
due to the osteogenic property of the osteo- 
blasts, as 'buds’ arising from the main syncytial 
mass (Plate XVI, fig. 4), were being trans- 
formed into bone by a direct process of ossi- 
fication. The intertrabecular spaces contained 
practically no marrow cells, the chief element.^ 
(of the marrow being the reticulum and the 
(Osteoblasts. 

Costal dia'f^ysis 

Examination showed a considerable resorption 
in the cortex and medullary spongiosa. The 


Coastal eyifhysis 

Lesions hitherto undescribed in cattle were 
found in the rib epiphysis involving the epiphy- 
seal cartilage and the sub-chondral spongiosa. 

» K The proliferating zone of cells in the epiphyseal 
cartilage was absent. The zone of preliminary 
calcification, which in the normal rib (Plate 
XVIIT, fig. 2) constitutes a sort of grid-like 
arrangement, had disappeared giving place to a 
small number of thin and atrophied trabeculae 
(Plate XVIII, fig. 4), masses of collagenous- 
fibrils interspersed with osteoblasts and a few 
‘’'-"•’recently formed ■ trabeculae (Plate XVI, fig. 3).. 
Apparently these had resulted from extensive- 


former although normal in width, was techni- 
cally transformed into a structure composed of 
widely separated trabeculae (Plate XIX, fig. 1), 
having osteoid borders lined by single layer of 
osteoblasts. The medullary spongiosa was 
composed of a few unconnected slender trabe- 
culae, lined by osteoid tissues of normal width. 
Osteoclastic resorption of the trabeculae was also 
going on in this region of the bone, and the 
intertrabecular spaces, bounded by resorbed 
trabeculae, contained disintegrating and a few 
intact osteoclasts, numerous osteoblasts mixed 
with collagenous fibrils and osseous debris from 
resorbe/1 trabeculae. 
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Distal cpiyh]jsis of femur 

The normal disposition of trabeculae im- 
mediately below the epiphyseal line had dis- 
appeared, giving place to irregularly disposed 
trabeculae of normal structure. These trabe- 
culae apparently were of recent formation^ since 
they -showed slight clacihcation (Plate XIX, fig. 
1^}. Borne of the more recently-formed trabe- 
culae showed accumulations of osteoblasts at the 
surface, indicating their osteoblastic origin. 
The usual process of breakdown and rebuilding 
of bone had taken place through the activities 
of osteoclasts and osteoblasts respectively; as 
evidence of the former phenomenon, the osteo- 
clasts presented a picture of ‘dissecting resorp- 
tion’ (.Plate XIX, fig. 2) of trabeculae. The 
intertrabeeular spaces were occupied as a rale 
•jy net- works of reticulum and osteoblasts, but 
those immediately below the epiphyseal cartil- 
age contained dilated cappillaries and collage- 
nous fibrils; the latter presumably arising from 
osteoblasts since these cells showed fibrillar pro- 
ieotions at either end and contained elongated 
nuclei. The collagenous fibrils at places show- 
ed areas of condensation crowded with osteo- 
blasts, some of which could be seen developing 
luounar spaces. 

Pathogenesis 

Chronic fluorine intoxication in animals is a 
generalized chachectic condition, as the absorbed 
fluorine compounds affect various organs 
body. In attempting to explain the patho- 
genesis of the disease, attention has been direct- 
ed especially to the mineral metabolism, to the 
relation between fluorine and parathyroid and 
thyroid, and finally to vitamins, partiGulariy 
vitamin C. Further, the type of lesion 
depends on such factors as dose and nature of 
fluorine compounds ingested, duration of inges- 
tion and the prevailing dietetic condition. ^ On 
the basis of certain biochemical data and histo- 
logical findings in affected , bones, an attempt 
may he made to explain certain features of the 
pathogenesis. 

As far as the symptoms and the gross osseous 
changes are concerned, chronic fluorine intoxi- 
cation may be looked upon as an osteodystro- 
phia, but the question arises whether, as /with 
certain classical osteody atrophias, the^ osseous 
changes in fluorosis also become manifest as a 
result of disturbed calcium and phosphorous 
metabolism. Before attempting a complete 
answer to this question the effects of a high 
dose of Na.F on the calcium and phos- 
phorus contents of blood and bones of the 
experimental animals may be examined. 


Calcium and phosphorus in blood and thigh 
bones of animals given high dose of NaF 
[Mapimdar et al 1943). 


HiU Bull 
No. 

Bone 

(gm. per 100 
gm. of ash) 

Blood 

Ca (mg. per 100 c.e. of 
serum) and P (mg. per 100 
c.e. of blood) after 7 
months’ fluorine feeding 


Ca 

P 

Ca 

P 

167 

41-6 

17-3 

9-9 

3-7 

180 

40-0 

17-3 

9-6 

6*4 

402 

39-6 

17-4 

8-6 

6-4 

Control 89 

41-0 

17-3 

10-4* 

4-73* 


*Averaga 

The figures in Table I clearly indicate that 
the high fluorine intake did not lower the cal- 
cium, and phosphorus values of the blood and 
bone appreciably. Metabolism studies on these 
animals by Majumdar et al [mS] showed ^ 
slightly negative Ca and P values. This 
feature taken in conjunction with the slight 
lowering of blood calcium might suggest that : 
the pathogenesis of fluorine intoxication is, to ' 
some extent, connected with a fall in blood ! 
calcium. Ag'ainst this is the fact that by feed- : 
ing extra calcium as phosphate and carbonate ; 
to another group of experimental animals, ; 
wdiich w'ere getting the same quantity of fluo- 
rine, symptoms and lesions of fluorine intoxi- 
cation were not prevented. The negative Ca 
and P balance observed by Majumdar et al ^ 
may, therefore, have been due to a generalized r - 
toxic effect of NaF interfering with the animals’ ^ 
appetites and so leading to lowered intake of Ca 
and P. Evidently fluorine has no direct effect 
on the metabolism of these minerals, and its 
effects on bone can. hardly be explained solely ; 
on the basis of negative Ca balance. 

Histological examination of certain parts of 
the skeleton, particularly the spongiosa, reveals 
excessive resorption of trabeculae, indicating 
a considerable withdrawal of Ca and P. This 
would suggest a rise in output of Ca and P, but 
in view of only a slight increase which has 
already been accounted for, one might agreed, t 
w'ith Poholm [1987] that the actual explana- 
tion of the phenomenon lies not in the negative 
Ca balance, but in the primary ealcioprivo 
mechanism of fluorine affecting the usual 
calcium depots of the bone. The question 
therefore, arises as to the fate of calcium with- 
drawn from these skeletal depots, and this can 
be explained on the assumption that flnorineT '■ 



j^iG. 1, Case No. 167 — Cross section of the 
exostosis showing a poor degree of 
calcification as revealed by irregular 
staining of the trabeculae. Van Kossa’s 
stain X 160. 


Fuj. 2. Case No. 89 — Longitudinal s(K‘tion of the 
costal e])iphysis of a normal rib. Note 
parallel disposition of siiI:>-chondral 
trabeculae X 160. 


fiG. 3. Case No. 402 — Cross section of tlic meta- 
carpus showing two young developing 
haversian canals. Note an abundance of 
osteoblasts in the de veloping lumen and the 
osteoid tissue x 300. 


Fic!. 1. Case No. 180 — Longitudinal sciction of 
the costal epijihysis. The section sliows 
(1) complete disappearance of the zone of 
preliminary calcification and (2) con- 
siderable atrophy of the metaphyseal 
trabeculae. Van Kossa’s stain x 160. 


1>LATE XIX 
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Flu. 1. Case Ko, 1G7 — Longitnujinul section of 
the costal diapliysis showing widely 
peparated trabeculae in resorbed cortex. 
Note the trabeculae lined with osteoid 
borders and the osteoblasts x 160. 



Fig. 2. Case. No, 167 - Longitudinal section of 
the distal e|)i])hysis of fi'iniir showing 
“dissecting resorjition” of a trabecula. 
Note the presence of an obti'oclast in 
the ceutreof a rc'soibed Irabt'cula x300. 



Fig. 3. Case No. 402 — Longitudinal section of the distid 
epiphysis of femur showing a complete disappeara nee of 
the normally disposed trabeculae. Note poor calcili ca- 
tion of trabeculae in this region x 160. 
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apart from its calcioprive property, exercises a 
special tissue effect leading to tke production of 
hyperplastic changes. These are as follows: 

1. h’ormation of loose osseous tissue between 
the periosteum and cornpacta of the long- bones 
which appears as a whitish deposit, or more 
prominently as an exostosis; 

2. Increased functional activity of bone as 
revealed by the excessive formation of young 
haversian canals, composed mainly of osteoid 
tissue, in the diaphyses of long bones; 

8. Development of collagenous fibrils .and the 
formation of new trabeculae therefrom in the 
costal eppiphyses, and the presence of new and 
irregularly laid trabeculae in the epiphyses of 
other long bones; 

4. An excessive ■ proliferation of endosteal 
cells (osteoblasts), giving rise to young haver- 
sian canals in the diaphyses and syncytial 
masses of osteoblasts in close apposition with 
the young trabeculae in the spongiosae. 

In view'' of these observations it seems pro- 
bable that fluorine also stimulates bone forma- 
tion through osteoblasts in the usual way. The 
curious but the obvious double reaction of fluo- 
rine on the osseous tissue may be explained on 
the assumption that the calcium mobilized from 
the spongiosa by its calcioprive effect is utilized 
for the formation of new' bony tissue under the 
influence of its osteogenic property. 

Discussion 

The main point for discussion is w'hether 
pathologically the condition described in this 
paper stimulates any known mineral deficiency 
disease of the bones of cattle. Histologically, 
we have observed pronounced osteoporosis in 
certain mobilizable areas of bone, and as accord- 
ing to Theiler [1934] osteoporosis in cattle 
represents not a disease in itself, but a stage in 
the development of rickets or osteomalacia, 
question arises to what extent this condition 
resembles osteomalacia. 

Early European investigators [Bartolucci, 
1912 ; Cristiani, 1925 ; Askanazy, 1930 ; Hupka 
and Gotze, 1931] have diagnosed bone changes 
due to fluorine ingestion in cattle as osteo- 
malacia without regard to the following 
points; — (a) that in fluorine intoxication ani- 
mals suffer from pronounced cachexia due to 
toxic effects on parenchymatous organs, (b) that 
the exostosis in fluorosis appears not only as a 
nodular growth, but also as a continuous sheet 
of secondary bone around the primary cortex 
gi’/ing the bone a more or less uniformly thick- 
ened appearence, (c) that the long bones show 


no deformities and are not oftened and (d) that 
fractures usually occur at sites of exostosis. 

T'hener regards osteomalacia of cattle as 
apUospiiorosis, a view wmcff negatives the 
laentiiy of chronic fluorosis with osteomalacia, 
unless It can be shown, as m the case of osteo- 
malacia, that under ail conditions of dosage, 
age, diet, duration of ingestion and the nature 
oi fluorine compound ingested, the blood sera 
of cattle have lowered values for inorganic P. 
The results of blood analyses and balance 
studies in respect of Oa and P in fluorine-intoxi- 
cated annuals are variable. These variable 
results [Greenwood et al, 1933-34; Biester et al, 
1935; Du Toit et al, 1937; Phillips et al, 1934; 
and Bamiah, 1940-41] may be due to varied 
experimental conditions. 

In the present investigation some of these 
factors were adequately coutroUed. The experi- 
mental animals, all mature hill bulls received 
a diet adequate in calcium and low in its phos- 
phorus contents, and were fed JSaE for 9 to 10 
months at the level of 3 to 4 mg. per kgm. 
body weight. There was no lowering in the 
phosphorus value of blood of these animals, 
[iVlajurndar et al, 1943], clearly indicating 
thereby that the low phosphorus content of the 
diet did not bring about any symptom of aphos- 
phorosis during the short experimental period. 

Microscopically, osteomalacia and rickets are 
characterized by a superabundance of osteoid 
tissues. In fluorosis, however, although some 
osteoid tissue is present, its distribution is irre- 
gular and it may be absent from parts of the 
skeleton wdiere its presence in an excessive 
amount would generally be expected. This 
the trabeculae composing the exostoses, the 
spongiosa of the costal metaphyses and the 
diaphyses and the metaphyses of long bones are 
not particularly rich in osteoid tissue, and the 
small amount of osteoid in the diaphysis of long 
bones only occurs as remnants of uncalcifled 
osseous matrix around haversian canals under- 
going centrifugal calcification. The occasional 
presence of osteoid in certain easily mobiliz- 
able areas of the bone may be attributed to 
direct deprivation of minerals consequent on 
decreased appetite. 

The important features of fluorosis in these 
experimental cases w'hich distinguish it from 
osteomalacia are (1) the interlacing nelwvork of 
collagenous fibrils and numerous osteoblasts in 
the spongiosa of the limb bones and ribs. (2) the 
formation of new and irregular trabeculae from 
the collagenous fibrils and osteoblasts, (3) the 
absence of distinct osteoid borders around the 
newly-formed trabeculae, which are in fact 


m 

scarcely dema^cated from tlie surroimding 
ccllulo-fabrillar masses from ■which they arise, 
■and (4) the tendency for the formation of syn- 
icytial masses of osteoblasts in apposition with 
the newly-formed trabeculae. The whole pic- 
ture therefore represents a stage in the develop- 
ment of osteo-sclerosis, which is a characteristic 
feature of chronic fluorosis in man and rat. 
'The over-production of young haversian tubes 
iin the diaphyses of long bones, seeming to 
arise from osteoblasts, is also related to endo- 
steal activity, and here again the same feature 
of osteosclerosis may be said to predominate. 

SUMMAEY 

1. The osseous changes, resulting from a high 
fluorine (NaF; intake in mature hill bulls kept 
on a diet adequate in calcium and low in phos- 
phorus, have been studied, and the gross and 
microscopical lesions in certain of the bones 
have been described. 

2. In connection witli pathogenesis, it is 
pointed out that the ijigestioi'i of fluorine causes 
only a mild disturbance in Ga and P meta- 
bolism, due probably to reduced appetite of the 
lanimals in an advanced stage of cachexia and 
vconsequent inefficient utilization of food. 

3. The pathological changes produced, seem 
to be in-fluenced by the calcioprive and the osteo- 
genic effects of fluorine, 

4. Although osteoporosis of the metaphyses of 
long bones may be said to represent a siage in 
the development of the final pathological pic- 
ture, the lesions do not entirely correspond tO' 
classical osteomalacia. Certain hyperplastic 
changes in the diaphysis and metaphysis of the 
long bones and ribs indicate endosteal activity 
and the resulting lesions are more suggestive of 
osteosclerosis than of osteomalacia. 


IJiiekettsia Conjuttctiva^ Cotes in Goods 
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OCCURRENCE OF BWKETT8IA GONJVNCTIVAB COLES IN GOATS IN 

THE PUNJAB 

By M. Abdussalam, Punjab Veterinary College, Lahore 
(Received for publication on 2 October 1942) 

(With Plate XX and two text-figures) 

Singe Coles^[1931 J described Rickettsia^ con- observed ocular riekettsiosis of sheep. This 


'junctivao as the cause of irido-oyclitis in South 
African sheep, several workers have recorded 
its oecuiTence in many other parts of the world. 
-A closely allied and perhaps identical organism 
was later described by Coles [1935] as a cause 
'of ophthalmia of goats in South Africa. It is 
noteworthy that the goat parasite has not been 
encountered by the several workers who have 


disparity may not only be due to the relatively 
smaller number of goats in niany countries 
also because the pathogenic effects of this pro- 
tista are not so severe and manifest in goats- 
as they are in sheep. 

In, India Rickettsia coyijunctivae was recently 
encountered by Nanda and Abdussalam [1943'j 
and considered to cause contagious keratitis in 
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sheep and a closely allied or identical organism 
was found by xibdussalam [1942] in smears 
from the inflamed conjunctiva of buffaloes in 
Lahore. So far as I have been able to ascer- 
tain, there is no previous record of the occur- 
rence of a Rickettsia in the eyes of goats in 
India. 

AA^hile making a clinical examination of a goat 
at this college in August, 1942, trachoma-like 
lesions were noticed on the conjunctival lining 
of the lids and the nictitating membrane. A 
Giemsa-stained smear from the lesions showed 
a heavy infestation of the conjunctival cells 
with a species of Rickettsia, Twenty -four 
other goats of the same type were subsequently 
examined and found to harbour a similar 
Rickettsia. These goats of the MaM breed, 
were purchased in the local market but the herd 
an-ived from South Eastern Punjab and nearby 
Indian States. Their ages varied from 12 to 15 
months. 

Clinic.^l 

The twenty-five goats showed trachoma-like 
lesions in both eyes. These consisted of dull- 
red nodules varying in size from that of a poppy 
seed to a boiled sago grain. Several of them 
were confluent and disposed in a band extend- 
ing along the margins of the lids. Several of 
the nodules were also present on the nictitating 
membrane. When the conjunctival surface was 
gently rubbed with cotton-wool wetted with 
saline the nodules turned bright-red and with a 
little more friction began to bleed. The remain- 
ing conjunctival surface was pale roseate in 
most cases but rarely showed signs of mild 
catarrh. In these cases there was an accumu- 
lation of muco-pus at the inner canthus but in 
most cases there was nothing but a small 
quantity of discharge dried along the margins of 
the eyelid. There was no evidence of keratitis* 
of impairment of eyesight or of any general 
illness. 

Coles [1935] observed ‘acute conjunctivitis 
and keratitis’ in one group of cases and ‘oph- 
tbalmia’ in another. The affection as observed 


in the Punjab goats is much milder. Possibly,, 
however, these Malvi goats had suffered from 
a more acute form of the disease in their kid- 
hood and this had reached a chronic and milder 
stage by the time they were brought to Lahore.. 
Unfortunately, transmission experiments could 
not be carried out, as unaffected goats could 
not be made available; in any case newly-born 
kids may have to be emjjloyed for this purpose.. 
However, it seems reasonable to suppose that, 
the infection is directly transmissible frona goat 
to goat as is the case with a similar affection 
in other animals (sheep, buffaloes, cattle, etc.). 

The eickettsiali oeganism 

Technique of eixamination. 'The nodular sur- 
face of the affected conjunctiva was gently 
scraped with the edge of a well-ground slide and 
the material so obtained smeared on another 
slide and dried in the air. After fixation for 
one minute in absolute methyl alcohol and dry- 
ing, it was stained by Giemsa method (one drop 
of stock stain per c.c. neutral distilled water,, 
for one hour) or with May-Griinwald-Giemsa, 
With a little practice, the infected conjunctival 
cells could be easily seen under low power but 
the organism itself could only be seen with the 
1/12 lens. 

Description of the organism. The organism 
(Fig. 1) is markedly pleomorphic and one can 
observe round oi- avoid solid forms, ring forms, 
horse-shoe or imperfect ring forms, triangles 
with accumulated masses of chromatoid mate- 
rial at the somewhat rounded angles and 
bipolar form (mostly with asymmetrical 
sides). The halos in all but the solid 

forms may not be empty spaces but only 
chromophobic parts of the protoplasm as observ- 
-ed by Jackson [1931] in the case of Rickeitsia 
runimantinum Cowdry. There is also a wide 
variation in the dimensions of the individual 
elements ; at their widest points they were 
found to measure from O' 5 [i to 1’4 pi . In 
the material at the writer’s disposal the forms 
with ‘halos’ (rings, horse-shoes, triangles and 
bipolars) w'^ere relatively more frequent than the 
solid ones. 
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Fig. 1 A schematic drawing of the various forms of Eickettsia conyunctivae of caprine origin. 


In the conjunctival smears examined 40 to 60 
ner cent of the epithelial cells were fonnd to 
be infected. Many of the cells were tightly 
nacked with the organism, while others con- 
tained a few elements scattered all over the pro- 
toplasm (Plate XX, figs. 1 and 2) in most of 


the cells chimps of R\lckettsia were seen but 
they did not show a tendency to hug the 
nucleus as is the ease in conjunctival rickett- 
siosis of pigs rUnlenhuth and Haendel, 1913] 
and of man [Heymann, 1913] . Occasionally 
one finds small clumps of the organism free in 
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the smear but this iooation seems to be due to 
brealdug down ol in tooted cells during the pre- 
paration of the smear. 

The organism stains pale-blue or lilac blue 
with (iioinsa. '['lie chromatoid masses and the 
‘poles’ however, show a reddish hue. With 
Tinkerion’s method as described by Coles 
[19-10] the protista stains light blue. It is 
gram negative and non-aoid-fast. As with 
conjunctival rickettsiosis of other animals, it 
was noticed that the heaviness of the infection 
was directly proportional to the number of neu- 
trophils ill the smear; abundance of these ceils 
always indicated, and was associated with, a 
heavy inlestation of a large number of conjunc- 
tival cells. 

It is evident from the above description that 
the organism encountered in the Punjab goats is 
identical in its morphological, tinctorial and 
other characters with the Hiokcttsia described 
by Coles [19c)5] from goats in Bouth Africa. 
In the present i\'ork the causal relationship of 
the Hickettnia observed to the lesions has been 
accepted as a working hypothesis. In this con- 
nection the following recent opinion of 
Beveridge [1942] may interest the reader. He 
states that ‘although it has not been possible to 
prove that R. oonjunctivac is the cause of con- 
tagious ophthalmia the circumstantial evidence 
is so strong that it seems justifiable to accept 
its causal role as a working hypothesis. ’ 

Another rickettsia-like organism 

Coles [1931, a] described what appeared to 
be another rickettsia-like, protista under the 
heading ‘An unknown Intra-cellular organism 
of the Conjunctival Epithelium of Sheep’ from 
South Africa. The same organism was 
recorded by Bonatien and Lestoquard [1937] 
in Algeria, but Nanda and Abdussalam (Loc. 
cH.) did not encounter it in Indian sheep. In 
goat.s, Coles [1935] recorded the finding of an 
identical or a closely allied organism in asso- 
ciation witli the species of Rickettsia described 
above. I have also encountered this protista 
in two of the twentv-five goats examined and 
the findings are briefly reported below; 

.# • # 9 (9 » 

Tio. 2. A schematic drawinjr of the various forms of 
the second _ JJfc/ceism-like organism in the 
caprine conjuntiva. 

This organism is not so highly pleomorphic as 
RicJiicnsia conjunctivae, the .majority of ele- 
ments being round or ovoid. The other shapes 


encountered are shown in Eig. 2. In size, it 
is larger than R. conjunctivae and measures 
0'5pi to l‘4[i by to l'6[i. 

The organism is essentially intracellular but 
it is not uncommon to see some free-borne ele- 
ments near the infected cell which are probably 
derived from it. There is no tendency towards 
clumping and the individual elements lie 
separately and evenly distributed in the cell 
protoplasm. The number of individuals .in an 
infected cell is relatively much smaller than with 
R. conjunctivae . (Plate XX, fig. 3). 

With Giemsa, the organism takes a blue 
stain which is somewhat deeper than that of E. 
conjunctivae but is decidedly fainter than that . 
taken by bacteria; there is no reddish tint. As 
a rule the whole of the protoplasm is not uni- 
formly stained there being a deeper-stained 
part arranged more or less in the form of a 
crescent or a half moon. 

It has not lieen ])()ssibl(.! to make any obser- 
varions on tin; patliogeniciiy of this protista, as 
on the two occasions f)n which it wa.s seen, it ^ 
was associated with R. conjunctivae, and the 
clinical picture in Iheso gnats did not diifcr from 
that in the others infected with R. conjunGtivae 
alone. Coles [1935] liowevcr, considered it to 
be the cause of a mild, conjun clival catarrh. | 

Summary 

1. A Gonjimotivitis of goats, associated with i 

Rickettsia, has been recorded apparently for 
the first time in India, - 

2. The lesions observed closely resembled 

those of trachoma and were, perhaps, a sequel j 

of some more .acute stages of the affection • ;• 

suffered by the goats during their kidhood. 

3. The method of examination and morpho- 
logy of the causal organism has been described; 
it seems to be morphologically identical with 
Rickettsia conjunctivae Coles. 

4. Another rickettsia-like organism morpho- 
logically identical with one described by Coles 
[1931, ft] was also found in two of the goats. 

Its presence did not seem to add to the patho- 
genicity of R. conjunctivae with which it was 
associated. 
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PLATE XX 



Fig. 1. Hi elect !.'<•! a coHjxiictivae in the eonjiinc- 
tiviil ('pitholiiil c(‘Us of a goat ; two 
infee-ted and oik' clean cell is shown in 
tlie held. 



Fig. 2. RiehdUia eonjunrlivae hi conimic- 
tival epithelial cells of a goa,t. Notice 
the ])resence of neutrophils in the 
held. 



Fi(!. 3. Rickettsia like organism (unknown intracellular organism 
of calves) in the conjunctival epithelial cells of a goat ; one 
cell in the top left hand corner is infected. 


J^ole : — Fig. 3 is more higlily enlarged than the others 
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GENERALIZED VACCINIA IN BUEEALOES 

By M. Maqsood, Department ot Pathology and Bacteriology, Panjab Veterinary College, Lahore 
(Beeeived for publication on 1 November 1943) 

(With Plate XXI) 


Vaccinia is a ooinmon, comparatively benign 
contagious disease chiefly of milch cattle, the 
lesions of whicli are mainly localized on the 
teats and udder. The disease more rarely 
appears in a generalized form, when eruptions 
also develop on other parts of the body, e.g. 
medial aspect of the thighs, quarters, abdomen, 
chest, neck, muzzle and around the nostrils. 
From observations recorded by Sharma [1934], 
it is evident that generalization of pox lesions 
is comparatively more common in buffaloes 
than in cows. 

Two oases of generalized vaccinia in cows 
have been recorded by Dupuis [1889], and one 
case by Strebel [1892], In these cases the 
eruptions were, present on the teats, udder, 
inner side of the thighs, croup, rump, lower 
abdomen, chest, neck and muzzle. According 
to Wallis Hoare [1918] rarely the pox lesions 
may spread to other parts of the body such as 
head, inner surface of thighs, neck, chest, etc. 
Bidault [1927] says that the lesions of cow pox 
are almost invariably localized on the teats and 
udder and do not envolve the mucous mem- 
branes. Blaxall [1930] also states that ge- 
neralization of the eruptions is very rare and 
when present they appear on the head, at the 
base of the horns and on various parts of the 
integument. Gaiger [1932] states that the 
losioiiR of vaccinia in cows are most frequently 
foinid on the teats and udder, in, calves on the 
lips, muzzh; and around the nostrils and in bulls 
often on tlie scrotum and inside the thighs. 
Hit arm a [1934] in India recorded an outbreak of 
generalized vaccinia, involving 250 cattle (215 
buffaloes and 35 cows), in which the eruptions 
.,^.were mainly present on the teats, udder, medial 
aspect of the thighs and vulva, and in some 


cases on the quarters, lips and around the 
nostrils. Idiiani [1943] states that in cattle 
the lesions are rnauily localised on the teats and 
udder. 

Htudies of the available literature show that 
there is no record, in cattle, of pox lesions occur- 
ring over the entire body. In the present cases 
the eruptions developed practically all over the 
body, being visible on tlie udder and teats, 
medial aspect of the thighs, quarters, croup, 
rump, tail, abdomen, chest, fore-leg, neck, outer 
surface of the ears, head, around the nostrils 
etc. 

Cas.b kepobts 

1. A black Murrah buffalo-cow age about 
seven years, calved on 27 February, 1943. 

The a-mmal was examined on 3 iVIay, 1043 in 
the College Hospital to which it was admitted. 
The history of the ease, as narrated by the 
owner, was that two days previously small 
pimples were noticed on the hinder parts of the 
animal, especially on the teats and udder, where 
they were present in large number. As a result 
she kicked badly during milking. Her milk 
secretion had decreased and she was not feeding 
or ruminatiog. There was no history of previous 
disease. It was stated that another buffalo at 
a neighbouring house was suffering from a 
similar disease. The small pox hospital of the 
Lahore Corporation is situated about half a 
mile from these houses. On examination the 
buffalo was found in good bodily condition but 
was dull and depressed. The iemperaturo was 
104-0°F. and the conjunctivae were congested, 
with watery discharge from both eyes. The 
muzzle w’^as dry and examination of the mouth 
revealed nothing, abnormal. The udder was hot 


m 

iiJiU iiuUbiU\c. and Llie Leiiis silglilly bwollyu. 
largo uuuiufcr oX papules about tiie size oX a 
IcLitii wore soon O'ju tiie teats and udder. iViUK 
iroui ail lUe iour quarters was nuriuai m appear- 
uueo. i'apuL's were also preseiil on tiie inediai 
aspect ui tile tlugbs, lad, quarters, croup, abdo- 
jneii, and tore-legs Xl.'iate JvXI, iigs. 1 and db 
Tile ioliovving da^ sJio w-as greatly depressed, 
leinperatui’e was iUd-T T . ana slie took no iood. 
rapuies dad also developed on tde cnest, neck, 
dead, external surface oX the ears and around 
tde nostrils. JBy the 5td day tde papules dad 
developed into vesicles wdied ultimately became 
depressed in tde centre. Tde temperature 
receded to lUU'd“F. and tde bulXalo began to 
feed. The vesicles gradually increased m size 
till about tde 9td day, attaining tde dimensions 
of a hazel -nut, assuming an ellipticaT sdape on. 
tde teats and being circular on tde udder and 
otder parts of tde botly. On about the lUtd 
iay tde vesicles were converted into pustules, 
vvdied on some parts of tiie body sued as the 
nbdomeu and tde Legs became coiilluent, form- 
ing irregular patedes. Gradually all the pustules 
(d-ied up, forming ycllowisii scabs willed dually 
changed into thick dark-brown crusts. It was 
noticed that the vesicles on tde teats did not 
paiq.s through the typical stages of pox, as they 
were ruptured by tde milker during milking, so 
that the scab stage developed quickly. By tde 
19td day most of the crusts on the body dad 
become detached, leaving tde undeiiyiug areas 
of tde skin pinJiisd in colour and slightly 
depressed in tde centre. Tde animal was now 
feeding well and was discharged. The buffalo 
way again examined on 22 June, 1943. She was 
then in good condition and the milk yield had 
returned to normal. Practically all the depress- 
ed pinkish areas on the skin had disappeared, 
and the inieguinent was now normal in appear- 
nuce. 

2. A black buhalo-cow, age about eight years, 

calved on 2 April, 1943. The history of the 
case was that on 28 Apr.u, 1943, numerous 
small pimples had been noticed on the teats and 
udder and that within four days they appeared 
on the entire body. She took no food and milk 
secretion hud practically ceased. The buffalo 
was examined on 6 May, 1943. The pox lesions 
in this case too developed practically all over 
the body. The animal recovered after about 
four w'eeks, but the vesicles on the teats, which 
were ruptured during milking, ultimately became 
indolent ulcers. No permanent pock-marks w’ere 
seen on the skin. ... 

3. A black Eavi buffalo-cow, age about five 
years, calved about four months previously, was 


examined on 0 iVliiy, 194.3. J?ox lesio,ns ^vel'o 
present on the teats, udder, .medial, aspect el 
the thighs, quarters, vulva, tail, abtlumeju chest 
and around the nusirils. T'iie ammal recovered 
after about three weeJvs. Tlie uepress{,‘d ureas 
on the skin gradually disappeared. 

4, An aged black Eavi bullalu-cuw, calved (jti 
23 AXarch, 1944, was brought lo the GoiJege 
Hospital on 19 ALay, 1911, with the history 
that five days previously numerous small 
pimples w^ere noticed on the udder and teats 
and inside the thighs. They continued to ax)pear 
on other pvarts of the body until finally the whole 
surface was covered. The animal was dull and 
she neither fed nor ruminated. Milk secretion 
had much decreased., Two weeks previously 
the buffalo suffered from riudorpest and hud 
lecovered in ho^pilaJ. 'J'lic ()wner mentioned 
that another hulfalo was simihuly affected on ■ 
the adjoiiiiug premises, wJiich are situated about 
three liiiiongs from the Punjab \hcoino insti- 
tute, where smull-pox vaccine is manufactured * 
on a large scale. Ou examination, tlie buffalo ■ 
was emaciated, dull and de])iv.ssed. The tern- . 
perature was 103 -SM’., and coiijuciivao congest- ] 
ed and coated witli a nua'.oid discharge. 

1 apules, the size of a split pea, practically cov- 
ered the body surface, while (ui tlie udder uiid ' 
teats a iium()ej‘ of vesicle.s wei'e also present. 
The papular, vesicular, pustuhir and scab stages 
lasted for about five, four, four and seven days 
respectively. All the di'ied crusts except a few 
on the abdomen, became detached, leaving the 
udder-lying a.reas of .skin pinkish in coloui” and 
slightly depressed at the centre. The animal 
then looked bright and was feeding and ruminat- ’ * 
ing well, but emaciated. The ' animal was 
again examined on 2 August, 19-14. t^he was 
then in good condition and the depressed areas 
on the skin, except a lew' on the chest and 
abdomen, had practically di,sappeured. « 

5. An aged black buffido-cow', calved on 2(1 
March, 1944. The history as naiTated by the 
owner, was that on l.(.) May, J9-hJ small fuTiqiles 
about the size of a split pea. wore noticed on 
the teats, udder and inside the thighs and thal 
within three days they hecaiuo generalized over 
the body. She wa.,s not feeding or I'lnninating ^ 
while milk secretion bad pru(d-, ically ceased. TTie, 
buffalo was examined on 19 j\Tay', !044. Vesi- 
cles with depressed centre.s were', present, over 
the body surface, while on the tieat.s there, were. 

a few soft yellowdsh scal)s and on t.he, nddta’ a 
number of pustules. Tlio vesiclo'.s developed 
into pustules which dried ultimately to darJ-: 
brown crusts.. The animal recovered in about^ i 
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26 days. Most of the depressed areas on the 

shin gradually disappeared. ^ 

Course op the disease 

In uncomplicated cases it seems that animals 
usually recover within three to four weeks. In 
some cases there have been observed secondary 
complications such as mastitis, stenosis of the 
milk ducts and formation of indolent ulcers on 
the teats etc. and these of course prolong the 
course of the disease. 
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generalised' eOW-pox. The infection in iSJo. 1 is 
thus,...jreadily;; explained. Case No. 3 evidently 
cahtraeted 'Vaccinia by direct contact from the 
diseased buffaloes. At the time of occurrence 
of cases Nos. 4 and 5 there was an outbreak of 
small-pox at Lahore and in consequence num- 
bers of human beings were being vaccinated. 
The milker who used to milk these two buffaloes 
had a son who died of small -pox on 15th April, 
1944. The milker himself developed a few 
pustules rather smaller than a split pea on the 
dorsal surface of the hands between the thumb 
Diagnosis the fore-finger and about the vrrisis. These 

The occurrence of eruptions on the teats, ^Ned up forming scabs which were removed by 
udder and other parts of the integument, after about 10 days. The source of iirfee- 

frct that they passed through the various elas&i-^,f4, on in these two- buffaloes is thus also clear, 
cal stages of pox, viz. papule, vesicle, pustule. it mav he mentioned that other Iniffaloes 

and'seab, as well as the CTidenoe mentionea m 

the next section conoeming the ongm of the 
infection, may be regarded as ^ f 

diamiosis. That being so, no experimental in 
oollations on a calf or rabbit were l^^ed *0 be 
necessary, A detailed worh espeomlly on the 
charaoters of the yirus is being oan-ied out 
this institute. 

Epizootiology 

In India it is probably exceptional foi* 
ployees who are engaged part-time for 
nrivately-owned animals to w-asli then hands 
Sm each animal. Hence transmission 

of any disease, such as pox, is easy. In an oidi 
narv ’'outbreak of cow-pox the most common 
source of •infection is the importation of new 
cows either carrying lesions or in the ineuba- 

tkm Btao-e Blaxall [19301 states that a number 
of cow-pox outbreaks have occurred after recmi^ 
n-*-' n TYulker or attendant wno 
rSui noted srtie source of the disease. 

On the’ other band, a common experience ha,s 
Wn tat the source of outbreaks is not discover- 
nble Ceelv [18401 who investigated numeious 
ottbreat^ ol --PO- 

origin of infection and concluded tliat tne 
breaka were spontaneous. _ • 

The, following facts were _ ascertained regard- 

iuo- the cases under discussion. Cases >C)S. L 
o and 3 were tethered side by side during tlm 
dav under a largo shady Iree. and there was no 
other cattle in the vieinity. The owner of case 
^T^ staled ibat bis children and the seryai^ 
yi n look'od after the buffalo had hoeii yacemat- 
t ao-ainsf small-pox ou 24 April 1043 im.^our 
davsN)pfor(' lesions were noticed on the animal 
The owner of the ease No. ^ 

■nart-time milker, who had also millmrl buffalo 
No ^ which at, the time was suffering from 
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were examined in the some locality but none or 
them was found to he suffering from vaccinia. 

Summary 

1, Five cases of generalized vaccinia in milch 
buffaloes are recorded, with eruptions develop- 
ing practieany all over the body surface. 

2, The general symptoms were more severe 
and prolonged than those of classical cow-pox, 
in which the svmptoms are benign and the 
lesions localised. 

3, All tlie cases occurred at a time when niim-_ 
hers of people were being vaccinated against' 
small-pox and at a time when this disease was 
prevalent The source of infection in the 
animals eoiiTd thus he readily explained, 
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ajitl tseiisiLuo ana Uie siigntiy swolieu. A 

Jurge niuuucr <>i i^ajjLiles about LJtie size ol a 
lejLLii wtixe fsCbU an liie teats aud, udder. iViiiit 
ii'am ail tjic iour tjuariers was noruial m appear- 
aiicc. i'a|juics were aisu present on tUe ni eUiai 
aspect oi LUe Cliigiis, tail, (.quarters, croup, abdo- 
nieii, and ioi'e-iegs (^i'late AAi, tigs, 1 and "A). 
Tile ioiluW'iiig da^ siie was greatly depressed, 
le 1 1 ip era t Lire was iU-lr2l''T . ana slie took no tood. 
Papules Pud also developed on tne cPest, neck, 
head, external suriace oi. the ears and around 
the nostrils. JJy the 5th day the papules had 
developetl into vesicles which ultimately became 
depressed in the centre. The temperature 
receded to iUU-ti“h'. and the buhalo began to 
teed. The vesicles gradually increased in size 
till about the bth day, attaining the dimensions 
of a hazel-nut, assuming an elliptical shape on 
the teats aud being circular on the udder and 
other parts oi the buily. Oii about the lUth 
auy tile Lcsicles were converted mto pustules, 
vvhich on some parts of the body such as the 
abdomen and the legs became conliuent, form- 
ing irregular patches. Gradually all the pustules 
dried up, foi'iniug yellowish scabs which finally 
changed into thick dark-brown crusts. It was 
noticed that the vesicles on the teats did not 
pass through the typical stages of pox, as they 
were ruptured by the milker during milking, so 
that tJie scab stage developed quickly. By the 
19th day must of the crusts on the body had 
become detached, leaving the underlying areas 
of the skin piuliish in colour and slightly 
depressed in the centre. The animal was now 
feeding well and was discharged. The buhalo 
was again examined on 22 June, 1943. She was 
tJ.en ill good condition and the milk yield had 
returned to normal. Practically all the depress- 
ed pinkish areas on the skin had disappeared, 
and the integument was now normal in appear- 
ance. 

2, A black buffalo-cow, age about eight years, 
calved on 2 April, 1043. The history of the 
case was that on 28 Aprii, 1943, umuerous 
small pimples had been noticed on the teats and 
udder aud that within four days they appeared 
on the entire body. She took no food and milk 
secretion had practically ceased. The buffalo 
was examined on 6 i\Iay, 1943. The pox lesions 
in this case too developed practically all over 
the body. The animal recovered after about 
four weeks, but the vesicles on the teats, which 
were ruptured during milking, ultimately became 
indolent ulcers. No permanent pock-marks w'ere 
seen on the skin. 

3. A black Eavi buffalo-cow, age about five 
years, calved about four months previously, was 
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examined on b May, 1943. Pox lesions were 
present on the teats, udder, medial aspect ol 
the thighs, quarters, vulva, rail, abdomen, chest 
and around the nostrils. The animal recovered 
after about three weeks. The depressed areas 
on the skin gradually disappeared. 

aged black Ivavi buffalu-covv, calved on 
23 March, 1944, was brought to tlie (Ju11o‘'l- 
Hospital on 19 May, 1944, uitli the hisLo^y 
that five days previously numerous small 
pimpiles were noticed on the udder and teats 
and inside the thighs. They continued to appear 
on other parts of the body until finally the whole 
surface was .covered. The animal was dull and 
she neither fed nor ruminated. Milk secretion 
had much decreased., TwO' weeks jireviously 
the buffalo suffered from rinderpest and had 
recovered in hospital. The owner mentioned 
that another bufialo was similarly affccled on 
the adjoining premises, wJiich arc situated about 
three fmlongs from the Punjab Vaccine insti- 
tute, %vhere small-pox vaccine is manufactured 
on a large scale. On examination, the buffalo 
was emaciated, dull and depressed. The tem- 
perature was lOB-SMti, and coajuetivae cengest- 
d and coated with a mucoid discharge, 
lapules, the size of a split pea, practically col'- 
ered the body surface, wiiile on the udder and 
teats a number of vesicles wca'e also present. 
The pa.pular, vesicular, piisuiiar and scab stage.s 
lasted lor about five, four, four and seven davs 
respectivebn All the dried crusts except a few 
on the abdomen, became detached, leuviun- ihe 
of skiu i.iuldsL in ooloui- u,Kl 
slightly depressed at the centre. The animal 
then looked bright and was feeding and nnu iiiat- ' ^ 
mg^ well, but emaciated. The animal was 
ag'ain examined on 2 Aui>usL, Jhj.J j-ih,. 
then 111 good condition aud the depressed ' areas 
on the skin, except a few on the' chest and 
abdomen, had practically disappeared. 

■a/' black buffalo-cow, calved on 20 

March, 1944. The history as nari'atcd l)y tlie 
owner, was that on 10 May, 1941 small niinnles 
about the size of a split pea were noticed on 
the teats, udder and hisido tlie tiiiglis and Mial 
mthm three days they becatiK' gem.'ralizcd oviu' 
the body. She was not feeding oi' ruminating i- 
while milk secretion had practically ce.asod. 
buffalo was examined on 19 .May', 1011. Vasi- 
eles with depressed centres were present over 
the body surface, while on thi; teals ihei-e weiv, 
a few soft yeliowi,sh scabs and on the luldei' a, 
number of pustules. The vesicles developed 
into pustules which dried ultimately to rlarl" 
brown crusts. The animal recovered in aboutT 
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26 days. Most of the depressed areas on the 
s'Idn gradually disappeared. , 

COUESE OF THE DISEASE ■ d ' 

111 uncomplicated cases it seems that animals' 
usually recover within three to four weeks. In 
some eases there have been observed secondary 
complications such as mastitis, stenosis of the 
milk ducts and formation of indolent ulcers on 
the teats etc. and these of course prolong the 
course of the disease. 
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Diagnosis 

The occurrence of eruptions on the teats, 
udder and other parts of the integument, the. 
fact that they passed through the various classi-| 


generalised; cow-pox. The infection in hlo. 1 is 
thus„readily explained. Case No. 3 evidently 
contracted vaccinia by direct contact from the 
diseased buffaloes. At the time of occurrence 
of cases Nos. 4 and 5 there was an outbreak of 
small-pox at Lahore and in consequence num- 
bers of human beings were being vaccinated. 
The milker who used to milk these two buffaloes 
had a son who died of small -pox on Ifith April. 
1944. The milker himself developed a few 
pustules rather smaller than a split pea on the 
dorsal surface of the hands hetwoon the thumb 
and the fore-finger and about the wrists. These 
dried up forming scabs which wei'o removed by 
^him after about 10 days. The source of infoc- 
‘tiou in these two buffaloes is thus also clear. 


stages of pox, Vi. r«pde, vesicle pusMe , „,entio„efl tlint other boffaloes 

and scab, as well as the.- evidence mentioned in. . _ 


iho next section concerning the origin of the 
infection, may be regarded as giving a clean 
diagnosis. That being so, no experimental in- 
oculfdlons on a calf or rabbit were judged to be 
necessary. A detailed work' especially on the 
cbarncters of the virus is being carried out ni 
this insiituie. 

Epieootiology 

In India it is probably excejitional for em- 
ployees who ore engaged ]iart-time for milking 
privately-owned animals to wasli their hands 
before milking eaoli animal. Hence transmission 
of any disease, such as pox, is easy. In an ordi- 
narv outbreak of eow-]iox the most common 
source of infection is the importation of new 
cows, either carrying lesions m m I bo mcub i 
tion Btnge. Blaxall [1930] si ihs 1b il i numboi 
of cow-pox outbreaks have ocnined iflei louni 
vaecinatiori of a milker oi dionci mi who 
obviously acted as the souuo of tin di'^iasc 
Oil ihe' oihcr band, a common experience has 
been tba{> ibe source of nuibreaks is noi discover- 
able Coclv [1840] who invcstlgaind numerous 
ouibreaks of cow-pox could not determine the 
origin of infeeiion and concluded that the out- 
lireakci were sponianeous. 

The iollnwing facia were ascertainecl regard- 
ina (be casts under discussion. Cases Nos. 1, 
2 and 3 wort' (eiberod side by side during the 
da\ under a hivac sbadv iree mid there was no 
ollic'r calilc in ihe viciniiv. Tbp owner of case 
No. 2 sialid ibai lii‘i children and tlie servant 
who loolcei! afit'v (b(> luiffnlo had been vaccinat- 
ed aaainsi' srnnll-’pnx on 24 April, 1943, l.e. four 
days lioforr h'sioiw were noiiced on the animal. 
Idle pwiu'T of ilie case No. 1. lind. employed a 
niirl -lii'iC milki'r, vbo Inal .also millmd buffalo- 
No, 2 wbieli at ihe tiirio ivna sufforing from 


were examined in the same locrdity bui; none of 
ihern w-as found to 1ie suffering from vaccinia. 

SUMMAPy 

1. Five cases of gen erali?:cd vaccinia in milch 
buffaloes are Tecorded, w'ifh eruptions develop- 
ing practic.ally all over the bedv surface. 

2. The general symptoms were more severe 
and prolonged than those of elnssicnl cow-pox, 
in which the symptoms arc benign and the 
lesions localised. 

3. All the eases occurred at a. time when num- 
liors of people were beinff vaccinated lurainsi; 
smalhpox and at a. time when this disease was 
■prevalent Tlie source of infection in the 
animals could thus be readily explained. 
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TBANSMISSION OF EINDEBPEST BY EXPIBED AIB 

By J. A. Idnani, Imperial Veterinaiy Eesearch Institute, Muktoawar 
(Beceived for publication on 8 Maroh 1944) 

(With on© text-figure) 


-Several hypotheses have been put forward 
from time to time to explain the mode of trans- 
mission of rinderpest under natural conditions, 
but none accounts satisfactorily for all or most 
of the observed experimental data. 

Artificially, the disease is. readily inoculable, 
with infected materials by all recognized routes, 
out it is still doubtful what particular route or 
whether some combination of routes is respon- 
sible for the entry of virus into the system under 
field conditions in natural outbreaks. The highly 
infectious nature of the disease, suggests that 
rinderpest spreads by contact, but experimental 
evidence perhaps points to the fact that under 
natural conditions dissemination may take 
place through more than one route. ’ Cooper 
[1982] remarks that “rinderi^est spread by 
direct contact from artificially infected to 
healthy . susceptible cattle at a surprisingly low 
rate”. 

The role of arthropods as possible transmitting 
agents in disseminating this disease has been 
extensively investigated. Ourasson [1922] 
experimented with Ixodes ncinus and with a 
species of Tahmus. He proved the presence ci 
virus in a tick engorged on an infected animal on 






the second day of fever by inoculating the 
macerated tick suspension into a susceptible 
animal, but when the tick was ground up an hour 
after removal the virus wars inert. With 
Tabarads the results were negative. Sen [1925] 
carried out transmission experiments through 
the agency of Aedes (Stegoniyia) albopirda, 
Mmca domestioa and Li nog m thus vHuli but 
the results were entirely negative. Bhatia [1985] 
emjiloyed fdhunus ofientes and S tomoxifA 
oalcitrans and in one instance lie obtaim-Hi posi- 
tive results with the former. With tlic latter 
species, however, the results were negative. 

Hornby [1926] made a series of controlled 
experiments to study the paths of infection. He 
showed that (a) intact skin is impermeable to 
virus, _ while broken skin readily admits it; (b) 
infection can be set up with virulent blood in- 
oculated intradermally, subcutaneously intra- 
venously, or intraperitoneally; ■(«) the disease is 
experimentally transmitted through the agency 
of Glossina morsHans; (d) infection can take 
place occasionally by ingestion when large quan- 
tities of infected blood are fed, and (e) infection 
can be produced by the respiratory tract, viz., 
by drenching through the nostrils,' by inlratra- 
cheal injection or by swabbing the nasal mucous 






Fig. 1. TraJismission of rinderpest by expired a 
2J6 



7 ' 
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niembraDc w'ith ini'aotccl. materials. Hutyra per cent. Witli a bull infected with the loss 

and Marck [10H8] suggest that “the infectivity virulent strain the difference was 8 per ceiih 
of the (uqiired fiir is at least questionable”. 


In this pap(‘r arc clesc.ribed a series of experi- 
iuents i.o h^st the infectivity of the expired air 
of bulls ino(iuhitcd with rinderpest. 

Methods and materials 

To produce optimum conditions under which 
expired air from an infected animal would be 
mhaled by a healthy one a \vooden trevis "was 
improvised to secure the experimental animals 
(Fig. 1). At each end a sliding trap door was 
provided to secure the animals by the neck, so 
(hat tliey could be made to stand facing each 
other. The nock tra]) at one end was movable 
so tliat the distance between the animals could 
1)0 adjusted as required. The whole structure 
was covered with, {.arpaiilin to allow reasonable 
ventilation. 

Prior to experimentation, all animals used 
were trained to stand in the trevis wdthout 
fidgeting for six hours with an interval of two 
1 lours fi)].’ food a;nd rest. 

The viruses used were (a) a highly virulent 
field strain, termed line FI, (]>) a strain, termed 
line' D of lower vinileneo and (c) a low virulent 
gont-adapted strain. Line E was obtained from 
an outbreak in a Village near Miikteswar in 
and it lias since been maintained by 
montlily passage through tlie medium of spleen 
tissue cullcctefi on the fifth day after inoeula- 
tioii. In the interval the virus is stored in the 
refrigerator. The mortality among hill bulls 
treated with this strain is over 90 per cent, 
lane T) has hi'on maintained at the Institute for 
aliont twenty years and now causes approxi- 
mately 12 per cent dofiths. The goat-adapted 
strain was evolved at this Institute in 1927 by 
imyilantnt ion of r ndeiqiest vinrs of bovnne origin 
on the foebil i issues of pregnant goats and then 
lecovering from maternal blood. 


Tran smi s s i o n v’x i > m i : r^ii'iN'r s 


Hall [1935] in a scries of tests carried 
cull to campare the virnh'uce of blood 
with that of nasal secretion taken at the beinld 
of temperature found Unit whoreus the rami- 
mum qiiantitj^ of blood capable of causing infec- 
tion at that time Wiis 0.902 c.c., nasal secretion 
in 1/IOth of that amount was infoctivc. At this 
Institute blood for eNnerunental ]mrposGs is tidceu 
on the fourth day nffor iuoculnfinu, if the tem- 
perature reaction is typical. The first transmis- 
sion experiment was ihereforc comrnenred on the 
fourth day after iuoeulufinu. On tins dav a 
healthy bull was exposed for Ibroe hours 1o an 
infected animal at a disLiiiice of ten Feet. No 
reaction ensued during Ihe uexl- 13 days. ' The 
fiame animal wa.s Lien rc-exposed to another 
infected bull on two cnnsimufive days (4 and 5) 
for four and six hours respectively, ‘the. distance, 
between the two being- reduced to five feet. Five 
days after the second exposure a rise in its 
temperature was recorded and the animal sub- 
sequent! v showed svinplorns of rinderpest 
These exiv'riments .showed tliat rinderpest' can 
be transmiOed by the bmafh and that in the 
first; trial the exnosure vans too short or the dis- 
tance too long (Table T). 


In the next jittempt a healthy bull was 
i'i^''"oted animal on the’ fourth and 
lifth days l.'ir four and six hours respectively a,t 
a dislance of ton feet. No infoetinn occuVrod 
and, the healthy hull later proved snaceuiihle. to 
test wdh yirnlenl, blond. This resnlt, indicates 
that, the distance hotwoen s’ck and susceptible 
animals lias something to do with the dissemi- 
nation of cuttle plague. At a further trial at 
a di.-tance of eight feet hctvavn a healtliv and 
an infected animal on the fourth ihx aftnr ?u- 
ooulatlou. the disease vas not t rnnsmitterl after 
an exposure of six lionr.s. 


After f'xposure in the experiments, each hull 
was kept in a chiqipuf for individual isolation. 

.,..W 

Iho iiitlueuce cjf U'lai’vi' humidity as a factor 
in th(' It'austiiission of riiid.-i'pest by hrnath was 
iiivesfigaled. It, was fomid that the difference 
between t.he o-l.-ifivi' Imniidily of atmo.spbere 
outside and inside tlie trevis w.-rsi 10 per centl 
when a normal ladl was exposed; bnt wben a 
^ Jmll infected willi (be virulent, strain was allow- 
"^ed to l)reath for six hours t,!ie difference was 6 


^ After these preliminary trial-,, an invesiha- 
tioii wiis desigiK'd t.o litnii Ou- ihree fai'l.in'.-',. viy, 
staga' of fever, ])ei‘iod of exposure :,l whicii 
rinderpest can la; Iransmifled 11, rough c-xpir-ed 
■ur, and dislance. As io ihi slag{' e| ho,,,- 
it IS known nMiii many tesls isiili vinis-produ'-er ; 
i-iiat ti'.e first rise of (eiiiperat nre. occur-- o,, o,, 
third day. Tlhrdth.s bull', cere tberefore m-po- 
sod -from the third to ilio s'vfli flay, em,o'-i,re 
and distance being ke])! eonsi-int, \ is. jii n-c 
boiu’s and six feet- f'i’aJile Ij. 



Transmission of ^Rinderpest hy Expired Air 
Table I 

Transmission experiments hy the breath 


Expt. 

Date 



No. of 
healthy bulls 
exposed 

Day 

on which 
infected 
bull was 
e35)osed 

Diflfcaiuio 

(foot) 

.Poriud of 
exposure 
(lumvs) 

Ihisult 

1 

1941 

August 8 



High 

1 

virulent virus 

4 

10 

3 

Nog. 

2 

August 22, 23 



2 

4 and 5 

10 

4 and 0, resp. 

Neg. 

3 

August 29, 30 



1 

4 and 6 

5 

4 and 0, resp. 
0 

POB. 

4 

November 12 



3 

4 

6 

Neg. 

5 

November 27 



4 

3 

6 

6 , 


6 

November 28 



5 

4 

0 

^ 0 

Neg. 

7 

November 29 



6 

6 

(i 

6 

POB. 

8 

November 30 



7 

6 

0 

0 

PoB. 

9 

1942 

June 6 . 



8 

6 ' 

0 

0 

Pos. 

.10 

Jime 7 . 



9 

! O'' 

0 

t? 

Pos. 

11 

Jime 24 



10 

5 

0 

i 3 

Nog. 

12 

.luno 25 



11 

0 

0 

3 

Neg. 

13 

July 4 . 



12 

5 

0 

•3 

Neg. 

14 

July 5 . 



13 

0 

0 

' 3 

Pos. (late reaetion) 

16 

1943 

Mareli 30 



14 

3 : . 

0 

0 

"Neg. 

10 

April I . 



15 

5 

8 

6 

* Neg. 

17 

April 2 . 



16 

6 

8 

' 0 '■ 

Neg. . V 

IS 

May 7 . 



17 

7 ■ 

0 

0 , . 

Pos. 

19 

May 26 . 



IS 

8 

6 

0 

;Pos. 

20 

Jmie 18 



19 

9 

0 

6 

Pos. 

21 

July 4 . 



- '20 

10 

0 

i) 

Pos. 


1 

1942 

October 30 . . . 

JjOW 

1 

virulent virus 

■ ' 0 

(» 


2 

November 17 . . 

1 

6 

./O'' 

.0 „ 

Neg. 

3 

1943 

March 0 

o''' ' 


6 

0 

Nog. 

4 

March 7 . . . 

■ ■ 3 'h 1 

0 

■ 0''''. 

0 

Nog. 

■ 6 

August 28 . 

. 4 : 1 

Oth to 9tlx 

0 

0 

Neg. 

1 

1943 

July 13 . . . 

Goat-ad 

' l'-: 

'opted virus 

Oth to 9tli 

0 

i; 

Neg. , 

2 

September 15 

2 ■■ 

Oth to 9th 

0 

0 

Neg. 

3 

October 21 . . , 

3 

Oth to Oth 

4 

0 

Neg. 


It would appear from Table I that an expo- 
sure of six hours at a distance of six feet is 
elective for the transiuission of rinderpest by 
the breath on i'he fifth and sixth days after 
artificial infection (Expts.4 — 10). 

The next point was tlie minimum exposure 
at which transmission would be effective. 
Hence, the period was reduced to three hours, 
heaping the distance between the sick and 
susceptible animals at six feet. Expts. If to 14 
show that in one case out of four infection took 
place from the sixth day animal after an exposure 
of three hours. Expts, 15 to 17 suggest that 
infection is unlikely to take place (a) after six 


hours exposure on the third day after in:l‘eotioii 
at a distance of six feet or (b) on the fifth or 
sixth days at eight feet witli a maxiranni expo- 
sure of six hours. 


ConoJnding ex]K'riinnnt,s u'cro Hum (Icsigncd lo^ 
furnish infonnntion as lo iht> sijigc. af, vvjiicti 
an animal with rinderpesi (V'asc.s lo bc', inh'ciive 
through its expired air. 1 1 would apjicar froiii 
expts, K) {(> 21 that under I he ('onditions des- 
cribed in this paper Ihe expired air t'roiu a 
rinderpest animal (!aii })e, uifec.livc! from 5 to at 
least .10 days aflcsr aitilicial inoiiuhitioii. The 
end-pomt of the c:\p(;Hnu‘ut could fiot lu^’ 
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reached beeauric iio aumials infected wicii tiie 
virulent .strain ul rinderpest virus lived beyond 
10 days. 

All experiment was made to test the role oi 
breath as transmitting agent in. a closed atmos- 
piiere without direct transpiration. A hill bull 
artitieialiy inleeted with lino E rinderpest virus 
was allowed to breathe m the closed trevis 
within a length of six feet on the sixth day 
after inoculation. The infected animal was 
removed after six hours and a healthy bull was 
secured in its place and detained for 15 minutes. 
This animal developed typical rinderpest and 
died on the 12th day. 

Lens virulent strain 

The strain used was the line 1) virus, nien- 
tiuned above. The lirst experiment was com- 
menced on the lilth day at a distance of six 
feet, the exposure lasting six hours. The 
healthy animal so exposed remained unaft'ected 
ior the next 20 days and was then re-exposed 
to an infected animal on the sixth day under 
similar uoiuiitious. No reaction ensued during 
the following 10 days and the animal reacted on 
test. Evidence conhrming these lindings was 
obtained in three other experiments with luxe D 
virus. In the first two of, these, two healthy 
bulls were exposed, one on the fifth and one 
on the sixth days, while a third was exposed 
daily from the sixth to the nmth day. The 
exposure in all cases was for six hours a.t six 
feet, but no transmission occurred and all 
experimental animals reacted on test. 
Goat-adapieil strain 

in view of the iurge-scule vucchiutioiis against 
rinderpest being earned out in India with ‘goat 
vaccine’ virus, the infectivity of the expired air 
of a bull inoculated with goat virus was tried. 
A healthy animal was exxiosed to an infected 
bull daily from the sixth to the ninth day for a 
iieriod of six hours at a distance of six feet. 
The disease was not transmitted and the exposed 
bull later proved susceptible. Similar results 
were obtained in two more such exjieriments, 
ultliougli in one case the distance was reduced 
to four feet. - 

BisaussioN 

Certain viral and bacterial diseases of man and 
animals, such as influenza, tuberculosis, con- 
tagious plcuroiineumonia of bovmes and distem- 
per of dugs, are known to be communicable 
through the nasal chambers and preventive 
measures in such diseases primarily consist of 
segregation ol: victims. Of the many problems 
tliiit confront the veterinary worker in the field 
there is none so important as that of the spread 


2ii) 

of disease and a thorough knowledge is necessary 
of the means by wiiicA dissennuatiun lakes 
place. In the case oi rinaeixicst, cxpeiimentai 
evidence broughi out in this paper, shows liiat 
exjnred air of lufoctcd animals can jday a part 
in spread and may explain the contact luicctions 
recorded in the htcratuiu. This finding lurthei' 
strikes a note ol caul. on to those engaged on 
researches of a similar iiature to avoid vitiation 
of their exiJerinients by this hitherto unknown 
route. 

Such conditions, it must be admh.ted, as have 
made it possible to prove the role of breath as 
a transmitting agent in rinderpest, are perhaps 
unobtainable in all outbreaks of the disease, 
but it cannot be denied that in most of the rural 
areas in India cattle are housed in narrow enclo- 
sures and through lack of proper understanding 
of animals hygiene, sick animals are frequently 
kept together with the rest of farm stoclc, thus 
facilitating dissemination of disoasc. 

The differing behmiour of tJio virulent and the 
two less virulent strains of virus raises the 
much di.scussed question of dusu and virulence 
as f{.ietors in the succt ssf ui implantation of a 
virus on susceptible tissue. 

The existence of three factors, viz., distanoe, 
period of exxiosur© and stage of the infected 
animal, which determine v/hether transmission 
is or is not successful, at any rate in the ease 
of line E virus, supports the view that much 
difi'usioii of the infective agent takes place in 
the air currents between an infected and a 
lieaitiiiy aiviinal. Tiie probiein of the degree of 
subinfective dosage required to initiate an infec- 
tion is worthy of assessment, but for financial 
reasons even a preliminary test to compare the 
virulence of line D virus with that of line E 
virus in terms of minimum infective dose has 
been withheld for the time. The present small 
investigation was limited to the question of 
whether rinderpest can be shown to be easily 
communicable by the expired air of infected 
animals. Now that this has been established, 
the examination of details can be undertaken as 
facilities permit. 

Much work has been done to explain airborne 
infections of man. Thus Dudley [1928], in 
defining the infective range of droplets expel- 
led from the nose or mouth, states that some of 
these droplets are visible and contain many 
cells and hundreds of bacteria, while others are 
of microscopical dimensions with only a single 
cell and one or two bacteria. Heavy particles 
drop to the ground " within two or three feet as 
the propulsive force of expiratory effort ceases, 
but smaller droplets may remain suspended for 
some time according to the atmospheric humidity 
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aud tempemtui'e and may be carried to almost 
auv disiajice iiccordiug to tbo lorce and direction 
oi the prevailijii^ aii- currents, This c^xplaius 
why contact must be lairly close in order to 
Caleb an ink-el loiis dis('!i,sc. A line droplet: mist, 
llutuyli mote pL'isistcMit, is .generally too dilute 
to do Jmnn. 'i’lms dosage ol‘ infective material 
i^ tut impoi i.uit Iticl'Or iji transmission of air-borne 
disettses. d'he effective dose also varies rela- 
tivciy and tictually wiik liVcry member of the 
herd and wiLli every species and strain of bac- 
teria, because eacli individual has a special 
resistance whicli can deal with particles of the 
infective ageni below a certain minimum but 
variable number. 

Most heJd strains of rinderttest afe presumably 
of a highly \irulciit nature and are associated 
nith high ujuriaiity and their wide prevalence 
is pruhtibly at least partly dependent on such 
iaetors us tuv discussed in tins paper. . On the 
Ollier hand, it may be noted that so far there 
is only oiiu oiitbn-ak of rinderpest on record — 
and That of wry mild intensity- — which could be 
attribuied lo goat v’rus, a' remarkable fact in 
view of ilu- wide spread use of goat-adapted 
virus for imiuuuizing cattle in India. This 
tends to sTuyjiort the observations above on the 
trausmiss'on lln-uiigh the breath of the less viru- 
lent g'out-adnjited virus in bulls. - m 

SmuiAiiy 

Tlill-bulls infected w-itb a virulent strain of 
rindoyjcst virus are capable of transmitting the 
disease by the expired ah' when exposed to 
healthy animals. Under the experimental 
conditions used a minimum of six hours exposure 


aud a distance of six feet between ijifecLcd and 
healtliy animals wore necessary for positive 
results. The breath of bulls artificially infected 
with the virulent strain is infective by the fifth 
day. When, Jiowever, air in a scmi-enelosod 
space liecome charged wiih. virus, a suflicicni 
quantity to infect may be taken up in ;it most 
lo minutes by a siisccplilile animal hreafhiug 
that air. 

itinderpest w-as not trausinitted to hulls iiiidei: 
normal conditions either by a less virulent slraiii 
or by goat-adapted virus. 
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STUDIES ON THE DETERMINATION OF DIGESTIBILITY COEF.PICIENTS 

■ III. SINGLE TRIAL METHOD FOR THE DIRECT ESTIMATION OF INDIVIDUAL 
DIGESTIBILITY COEFFICIENTS IN A MINED RATION'" 

By Lxdu Biiusan Cn.\TTL;KJEE, M.Sc. (Agr.), L.Ag. (Animal Nutrition Laboratory , Dacca) 
(Received for publication on 13 December 1943) 


IkiE estimation of the respective shares of 
digostilhlily of individua] feed and feed compo- 
nents in a- mixed ration offers a problem which 
so far has been only pariially solved. The. 
matter is much sinqdor wdion it involves a single 
feed, since, by assuming the faeces as indigest- 
ed residue, ihe amount aptpai'ontly digested can 
be calcuiuLed by the dil’fereDce, When, how- 
, two oi' uioro feod.s are concerned, the 
possibility of interaction between one feed and 
another involves a deviation, the extent of which 

Agrioul- 


In such cases ilio usuui procedure of estima- 
tion is by what may be called “lln- nietliod of 
elimination”. It dati-s laicli since ils ineipitinii 
about 181)0 by lienneht-rg and Shilunmni and : 
is still iu almost imi\ei’sal use. It ruiiiiires one. ' 
two or three siicee.s.sivii f.-eding an<l melaliolie, 
tests, depending on (lu- ninula-c ot IVrds used. 
The first trial is eondueied with oik* feed, .-md, 
when the digx'stihiliiv of I hie, IVed is liras aseer- 
tained, the second Irial i.s eondueied in which 
this feed is given in combinai.ion wiili iln)'^' 
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second, and then b}-’ assuming tha-t the digesti- 
bility ol tile first iced remains constant, the 
value ol the second is comjiuted by difference, 
i.e,, by the ‘method of elimination’. By a 
similar jirocess the values of the third or fourth 
feed are obtained. 

J.u the experiments ^ conducted by Oarbery, 
(Jhatterjee and ,Hye [1934], it was pointed out 
I'rom actual tests that, when an incomplete 
fodder like rice .straw forms the sole feed, the 
delicicncy of nutrients in it is sometimes so 
seriously reflected in the animal that the values 
obtained cannot be valid for use in the calcula- 
tion, by difference, of the digestibility of asso- 
ciated feed or feeds. These difficulties prompt- 
ed those authors to design a comprehensive 
experiment involving 18 individual tests in a 
randomized cycle order and ultimately working 
at the values directly by graphical method and 
by .regres.siou equation. 

While the theoretical background of the 
, method was beyond tpiestion, its main difficulty 
lay in the large numbers of iJidividual testa 
involving a considerable outlay in men, 
material, laboratory .space and exj^ensB. 
hlorcover, the qUEUitity oi. feed at ilispusal may 
not always be sufficient for such uii elaborate 
test. This led to the approach to the problem 
by a .shorter metliod [Oarbery and Ghutterjee 
193bJ in which a .simpler formula was worked 
out on the basis of two individual tesi'S, and 
^ the data examined to arrive at a certain mini- 
mum .standard of statistical accuracy. It was 
found that, with feeds like rice straw and 
linseed cako, u fEiir order of accuracy was en- 
> sured with a replication of three to five in the 
case of the majority of feed components. 

.It is ]iot, however, possible by either of the 
tu'o methods to abtain the picture which an 
ijidividuid uuimal may display, or which may 
someiimos form the special feature in respect 
to some particular animal or animals. 

TjiKSliXT METHOD 

Tile method described hei‘c has originated 
Ireiti these considerations. It aims .at adjusting 
j. the ex])('i'imenial [H'ocihIuio in such :i Wi.iy that 
it n):iy In; possible to work out the values from 
ilic (lid a, of a single, aninnil. The fundamental 
priiieipal involved in e:iU‘uhibioii. is the same, 
viz. tile application of multiple regression 
e,(ju:i(ion in vvliich, say, 

Ji retire„s(-n{s roughage,, 

^ 0 re.piT'siaits concentrate,, 

.D rex-irescuts amount digested, 


while a and b are digestibility co -efficients of E 
and C respectively. 

Bince E, G and 13 are numerical values, the 
values of a and b can be worked out by simple 
simultaneous equation [Oarbery and Ghatterjeo 
1936] or by multiple regression equation 
[Oarbery, Chatterjee and Hye, 1934] as is 
given below: 

' a S E2 + & S OR = SDR 
a S OR + 6 S 02 = S DO 


Underlying principle 

11 1 the previous trials, tiie regrossiuii. eqUidioi'i. 
W’as worked out, as already stated, with the 
data of a nuutlier of animals. Each such datum 
represented the mean of 10 da.^s reduced to the 
vulue.s of ii single day. The modification now 
suggested Ls based on the principle tliat, if 
instetid of taking (he mean of ten. or monv days, 
each tlay’s perfon nance of itihividuid a.ninial.s is 
separately u.sscinbled, it will provide from the 
source cif ;t- .single animal us many single data us 
the iiundier of days u.sctl for their culluctiun. 
In other words if tlie nmnber of experimental 
days he regulated in duo regard io .statistical 
requirement, the data obLa,ined from each 
animal ca,n valitUy form the bu.sic material for 
the purpose of regression equation. ■ 

It is, however, necessary for facilitating the 
numerical side of caleuialion that the individinil 
data iTom day to day should vary, otherwise 
when tlie equation i.s u'orked out the values 
of same or very nearly same magnitudes will 
eliminate out. 

In so fur us the roughage is concerned, such 
a probability is generally less so long as it is 
fed ad lib. In the c;isc of concentrates which, 
the animal generally likes ami o;d,s whatew-^r 
is given, the best course is to fix tlie amount 
(from day to day) on ;i random variation whieli 
can be very convenuad.ly woi'lced out by a series 
of varying factors, applied on live woiglits. 
This simpliffes th.e cidcnlaf ion for indivhiual 
animals, as tlu^ stune fiiefors vvoj’kc'd on dilTcj-- 
ent live weights would indicaitc; ilu'. :ini()iini.s to 
he fed to individiad animals. 

The procedure used in ihe exporinnud; nndei' 
report was drawn up in due re.gvrd iiu'.se 
considerations. In order to enable (he forni.a- 
tion of a clearer idea an instanc.^ of the dat.i 
used in the final calculation is given ni the 
following table. 
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Table I 
t ill of 1941 
Animal D 6 


i)ays 

Distribution of cake 

Data used in regression equation. 

factor used 
per lb. of live 
weight 

Live weight 
lb. 

Air dry 
cake fed 
(gin.) 

Straw 

nitrogen* 

(gm) 

Cake 

nitrogen* 

(gm) 

Digested 

nitrogen 

(gm) 




X 

Y 

XY 

B 

e 

D 

1st 



1-232 

854 

1052 

38-049 

66-109 

63-824 

2nd 


. 

1-012 

854 

; 864 

42-656 

65-004 

64-182 

3rd 



1-078 

854 

^ 920 

36-181 

68-421 

85-294 

4th 



1-266 

854 

1080 

40-488 

68-266 

55-143 

6th 



1-046 

864 

892 

33-748 

61-646 

54-788 

6th 



1-100 

854 

939 

40-304 

69-904 

60-150 

7th 



0-990 

854 

845 

38 ■ 001 

63-484 

•19-434 

8th 



1-210 

854 

1032 

39-386 

66-886 

62-796 

9th 



0-880 

854 

761 

39-677 

48 • 674 

46-360 

10th 



1-276 

854 

1089 

38-260 

71-604 

63-115 

11th 



0-968 

854 

826 

35-672 

53 - 693 

47-841 

12th 



1-056 

854 

901 

41-768 

57-112 

51-360 

13th 



1-J88 

864 

1014 

39 - 856 

65-889 

66 - 885 

i4th 



1-034 

864 

883 

42-363 

56-984 

51-947 

15th 



1-166 

854 

996 

36-826 

64-574 

58-065 


relation yvith the corresponding amount of cake, some variation is implicit, as dry weights and air dry woigiits of cake 


from day to day did not vary on a constant proportion, 
composition of different days’ samples. 

The amoimlj ojE air dry cake fed to the ani- 
mals from day tO' day was worked out by multi- 
plying the factor X (each day’s respective fac- 
tor) with the live weight X. The values thus 
obtained have been set up in column four un- 
der XY. The corresponding values of cake ni- 
trogen as ingested from day to day have been 
obtained from the individual analysis of each 
day, and have been represented in column six 
under 0. These together with straw nitrogen 
E and digested nitrogen D form the data final- 
ly used for regression equation. 

The results work out as follows: 
a=C)-3318±0-070-^ 

6=0-8713i0171^ 

The CO -efficients of correlation between the con- 
secutive day’s observation as found by Dr P.V. 
Sukhatme were as follows : 

Straw nitrogen . . 0*40 ■ 

Cake nitrogen . .0*76 

Digestible nitrogen . , 0*76 

The last two are significant at 1 p.c. level of 
probability and suggest that these method of 
using individual days’ values in place of mean 
of 10 or more days is not without a defect. 
However, so far as the digestibility values are 
concerned the values of a and b, as obtained, 
here show a reasonable order of agreement with 
the values obtained by the other method. The 
statistical order of accuracy has not been as 


A slight variation is also inliorent botwuon tho analytical 

satisfactory. This appears Uj be associated 
with some complexities inseparable with the 
basic data. 

The animals do not work with mathematical 
precision, and while the variation to this may 
be a peculiarity inhorent with, individual ani- 
mals, the main difficulty lies in respect to the 
apportionment of the real amount actually fal- 
ling to the corresponding shares of feeds and 
faeces. There is at present no satisfactory 
means by which a correct diferentlation of these 
can be made. 

Possibly a solution of it can be found in 
increasing the number of collecting days and 
then working out on the basis of a certain speci- 
fied standard as to what should be the minimum 
number of days compatible with sueli a stand- 
ard of statistical accuracy. 

It is also necessary to state hero that nmch 
remains to be done to bring (be method to (-on- 
form to such a strict srand:ud. lint, (jven 
if it only indicates a parlial ;ipj)j-oxiiuation 
to it (as in tho priisciit, ccse), ij, will bt; a 
definite improvement over lii- prevailing 
“method ol eJhuiinitjou” in whii-li aIlog(-'th('r 
assumed values liave io bo nsod wliicli do imt 
permit <>! any form of slatlstieal examinadion. 
Besides, no other nu.dliod contianplalcs the 
assessment from Ihc pevformanct; of single ' 
individual animal from a single cum-se of trial. 


H. G. VeemAj Zal Ri. Kothavalla AmisrD' E. V. Seshaohabyulij 

< !KiNti WiiKDQl’MENT 


225 


'.riie uut'liov is indebted to Dr P, V. Suldiatme, 
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guide cent.) of individual cows and buffaloes con- 
staff ^ed under 50,000 bacteria per n:.d. This also 
Messtided a very large proportion of samples 
ng under 25,000, The majority of herd 
CarbefP^®® (cow and Imffalo) contained between 
J. dOO and 100,000 bacteria per ml. The pro- 
Carbetions of cow herd samples giving a count 
and above 100,000 were 91-05 per cent. 

; 8’92 per cent, and of buffalow herd samples 
05 per cent and 15-92 per cent respectively, 
samples of domestic cows gave count upto 
,000 bacteria per ml. except for one sixth of 
STUDIES IN THE BACTERIOLOGICAL .total number which gave between 100,000 
AND HANDLED UNDER DIEEEE 200,000. No sample of milk from towm 
INDIAN CITY (BAN contained below 100,000 bacteria 

' ml. A little more than half of the total 
By H. 0. ViBEMA, Zal E. Kotha valla and E. '^ber of these had between 200,000 and 
Institute, BangaVPPO and tlie remaining between 500,000 and 

(Bocoivedforpublioati»no„ 16 “J'”"?..’’“*A‘‘ 


All the world over, the hygienic quality of 
market milk is as a rule assessed by its bacterio- 
logical examination, the methods commonly 
employed being the plate method for total 
bacterial count, methylene blue reduction test 
and presumpfvive coliform test. Extensive w'ork 
has been done on this subject by foreign workers 
under their own conditions of supply and this 
baa enabled fbo milk c-oniiolling authorities 
there to lav flown dilfercnl, ';tnndards for the 
bacfeiiologienl aiadmg of mai ket milk supplies. 
This svstou’ of elaRMfiealaon and control of the 
milk supply has not only safeguarded the inter- 
ests of the consumer hut has prevented enor- 
mous losses to the producer, distributor and 
manufacturer through the mill? going bad. 

The quality control of market milk in India 
today covers only its cliomical aspect and aims 
at cheeking its adulteration. The bacteriologi- 
cal grading of milk is not in force. The condi- 
tions of production, liandling and distribution 
being far from satisfactory, the milk industry 
at present suffers an enonnous loss through 
souring and other causes and the consumer’s 
health may he greatly imperilled. The first 
stop eonsidered necessary to bring about an 
improvement in Ihe ])respni' rdate of affairs is 
file obtaining of infonriafion on the hacteriologi- 
(-al fiualily of milk prnduei'd and handled under 
cfiu’difions prevailing in fhis eountry. Only a 
verv limited nmounf of work on the subject has 
so far been done. loshi examined 68 

sfimiiles of millf ('ollocfed from city stables and 
240 samples di'awn at random from, dairies, 
cnfMe stables, milk liawdcers and milk shops in 
T'omhav. Tie fonud fhat fhe former n,veraged 
17,10.0,000 and fhe lafter 66,685.000 bacteria 
per TTil. Walton, ['1 92 5, 1927] examined 


‘age milk^samples contained between 500,000 
sam 10 millions bacteria per ml. and only 
turriit one-sixth of the tof al nnmher had between 
the .fiOO and 500,000. 

seafhe methylene blue reduction times of 88-66 
diir c,ent. of the samples of individual cows and 
Insfaloes was about ,6B0 min. (5| hr.) and of 
dtici over half the numhc'r wore above 420 min. 
shohr.). The remaining were decolourized 
nndween 629 and 240 , min. (5| hr.— 4 hr.). 
23A'e;n. separately tlie reduction Time of above 
\ below 330 min, was recorded in case of 
it (74 per cent and 9 '24 per cent, of cow milk 
dnfaples and 84-33 per cent and 15-66 per cent 
thebiiffalc) milk samples respectively. All the 
,gicd milk samples (cow and buffalo) decoknir- 
raal between 240 and 419 min. (4— r7ilir.) ; of 
culse more than half of the total number were 
thfiween 240 and 329 min. (4— 5ihr.), only one 
thq-iple being- above 420 mih. and two below 240 
dup. The proportions of the cow herd samples 
mah reduction times above and J^elow" 330 min. 
tliQ-e 44 -61 per cent, and 55-38 per cent, aini 
pvbuffalo herd samples 38-93 per cent, and 61*06 
inf- cent respectively. All the samples of 
frpnestic cow's decoloi.irized between 240 and 
i min. (4— -71- hr.); of these a large proportion 
1 1ke betw’-een 240 and 329 min. (4 — 5| hr.). The 
yaluction time of a majority of samples of town 
inik stables waas between 120 and 239 min. (2-4 
fhi), an appreciable number being between 240 
in<[ ,329 min. (4 5|- hr.). The number of samples 
Wave 329 min. was negligible. The majority of 
•Mage milk samples decolourized between' 60 
d 179 min. (1—6 hr.), about two-fifths of the 
al number w^erc. borivoeri 180 and 329 min. 
SI hr.) and a inghgible proportion below 
'‘'min. 
of 
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Table I 

t ill of m i 

Animal D Q 


bays 

.. . . , . 

Distribution of cake 

Data used in regression equation. 

Factor used 
per lb. of live 
weight 

Live weight 
lb. 

Air dry 
cake fed 
(gm.) 

Straw 

nitrogen* 

(gi^) 

Cake 

nitrogen* 

(gm) 

Digested, 

nitrogoii 

(gm) 




X 

Y 

XY 

R 

C 

D 

ist 



1-232 

854 

1052 

38-049 

66-109 

63 • 824 

2iid 



1-012 

854 

^ 864 

42-566 

55-004 

64- 182 

3rd 



1-078 

864 

, 920 

36-181 

58-421 

55 - 294 

4th 



1-266 

854 

1080 

40-488 

68-266 

56-143 

6th 



1-046 

854 

892 

33-748 

61-646 

54-788 

6th 



1-100 

854 

939 

40 - 304 

59-904 

60-160 

7th 



0-990 

854 

845 

38-061 

53-484 

49-434 

8th 



1-210 

864 

1032 

39-386 

66-886 

62-796 

9th 



0-880 

864 

761 

39-077 

48-674 

46-360 

iOth 



1-276 

854 

1089 

38-266 

71-604 

63-115 

11th 



0-968 

854 

826 

35-672 

53 ■ 693 

47-841 

12th 



1-066 

854 

901 

4i-76S 

57-112 

51 - 360 

13th 



1-188 

854 

1014 

39-860 

65-889 

66 • 885 

14th 



1-034 

854 

883 

42-363 

56*984 

51 - 947 

15th 



1-166 

864 

996 

36*825 

64-574 

68 • 065 




relation with the corresponding amoniit of cake, some variation is implicit, as dry weiglits and air dry weiglits of cako 


from day to day did not vary on a constant proportion, 
oomposition of different days’ samples. 

The amount of air dry cake fed to the ani- 
mals from day to day was worked out by multi- 
plying the factor X (each day’s respective fac- 
tor) with the live weight X. The values thus 
obtained have been set in column four un- 
der XY. The corresponding values of cake ni- 
trogen as ingested from day to day have been 
obtained from the individual analysis of each 
day, and have been represented in column six 
under G. These together with straw nitrogen 
E and digested nitrogen D form the data final- 
ly used for regression equation. 

The results work out as follows; 
a = 0-3318 + 0-070'^ 

6-0-8713±0-171^ 

The co-efiicients of correlation between the con- 
secutive day’s observation as found by Dr P.Y. 
Hukhalme were as follows: 

Straw nitrogen . . 0*40 ■ 

Cake nitrogen . . 0*76 

Digestible nitrogen . . 0*76 

The last two are significant at 1 p.c, level of 
probability and suggest that these method of 
using individual days’ values in place of mean 
of 10 or more days is not without a defect. 
However, so far as the digestibility values are 
corioerned the values of a and 6, as obtained, 
here show a reasonable order of agreement with 
the values obtained by the other method. The 
statistical order of accuracy has not been as 


A slight variation is also inherent between the analytical 

satisfactory. This appears to be associated 
with some complexities inseparable with the 
basic data. 

The animals do not work with mathematical 
precision, and while the variation .to this may 
be a peculiarity inhoiont wiih^ individual ani- 
mals, the main diliioulty lies in respect to the 
apportionment of the real amount actually fal- 
ling to the eorrespoucling shares of feeds and 
faeces. There is at present no satisfactory 
means by which a correct diliereutiation of these 
can be made. ' 

Possibly a solution of it can be found in 
increasing the number of colieotiiig days and 
then working out on the basis of a certain speci- 
fied standard as to what should be the minimum, 
number of days compatible with such a stand- 
ard of statistical acciirac}'. 

It is also necessary to slate here (hat u!ucli 
remains to be done to bring Ihc mol hod to i-oii- 
form to such a strict slaiuhud. .Bui, even 
if it only iudicalcs a paj'lial approximation 
to it (as ill the present cascj, it will bi; a 
definite improvemoni ’ovc]’ j.liv. ])rovailing 
“method of eliniinatieii’’ in which allogr tiirr 
assumed values lia\-c lo he usia! which (io iint 
permit of any form of slal ieditad exmninal ion. 
Besides, no oilier method cf)ntmn])hito,s the 
assessment from the pet formance " of single | 
individual animal from a single cuu!',se of trial. 


H. C. VermAj Zal Ku Kqthavall, 

AoKNO W LEUGKMENT 
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All the Yvorld over, the hygienic quality of 
market milk is as a. rule assessed by its bacterio- 
logical eNa-miiiatiou, (he methods commonly 
employed being ihc plate method for total 
baeterial ennnt, motbylene bine reduction test 
and presnmpfive enlifnrm lest- Extensive work 
has been (h>ne on (his subject by foreign workers 
under their own conditions of supply and this 
has enabled the mi lie i-, on trolling authorities 
there to lay down diffciTmi-. standards for the 
bacteriological grading of market milk supplies. 
This system of classification and control of the 
milk supply lias not only safeguarded the inter- 
ests of the consumer but has prevented enor- 
mous losses to the producer, distributor and 
manufacturer through the milk going bad. 

The quality control of market millv' in India 
today covers only its chemical aspect and^ aims 
at checking its arlulternf.ion. The hactenologi- 
cal grading of milk is not in force. The condi" 
tions of production, handling and distribution 
being far from satisfactory, the milk industry 
at present suffers an enormous loss through 
souring and o(,hcr ennscs and the consumer’s 
health ninv he greatly impermed. The first 
stop enusidorod necossnry to bring about an 
improvement in the preson» rdate of affairs is 
du' obtaining of informaiion on the bacteriologi- 
( al quality of milk iwodiiccd and handled nndcr 
enn'dihous prevailing in ibis country. Only a 
verv liiniled nmouiit of work' on the siihiect has 
so far been done. loslii flOtfil examined 08 
sanifik's of millc {‘ollecled from city stables and 
210 sauiTih's draum at random from dairies, 
cnKh' s!nhles, milk hawlcers and milk shops in 
Bombay, lie rt^md fhai (he former avernged 
17. 10.'^, 000 and the lad or .00,885.000 bacteria 
per ml. WaKon ['1025, 1927] examined 


samples of milk pi'oduced at the Piisa Agricul- 
tural Ri’.search luslilAito Dairy and found that 
the. platci and coll form couui.s varied with th® 
seuKOu of the year, (he highest found being 
during the rainy season. The Imperial Dairy 
lusliitute ("1089] examined samples of milk pro- 
duc.ed and handled in its dairy and the results 
showed that the average plate count per ml. 
and methylene blue reduction time were 
285,000 and four hours respectively. 

■While the work done so far is interesting, 
it does not provide the material necessary for 
defining the quality of milk offered for sale in 
the Indian market on the basis of its hacteriolo- 
gi(':d condition. The work involved in obtaining 
material of this kind must of necessity be diffi- 
cull; and considerable, due to various factors, 
the, chief amongst them being the vastness of 
th(', country, the conservfitive methods of pro- 
duction, handling and distribution of milk, 
inadequate and difficult transport facilities and 
the variety of climatic conditions prevailing all 
over the country. It was therefore, felt that 
information on the quality of milk obtained 
from different sources was a necessary prelude 
to further work being done on the subject. 
Ihe work carried out uuder this inves'tigation 
was therefore undertaken. Throughout this 
investigation the toa(s employed to determine, 
ihc hncteriologicnl quality of milk were (a) 
methylene blue reduction teat and fb) the plate 
count. The work was confined to the ('ondi- 
tions governing the supply of milk to Bangalore, 

Expeeimental 

The supply of milk to Bangalore is from 
various sources. The milk sold is either that 
of cow or buffalo or a mixture of both. The 


Milh ffoduced under Different 
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main tigencios Biipplyitig milk are :-T-(i) daii’V 
farms, (iij iravolliiig miich cows, (iii) town-milk 
siuhles a, pail of wliidi is also retailed tlirough 
mi(ldJ(mion~-(lihiriI)UiorK; (iv) iidlk hawkers; 
(v) lioun dahics; (vi) tho village produGed milk, 
most (jj; wliicli comes in from distances varying 
from 2 to 20 miles and passes to the customers 
through dairies, milk being also retailed by 
iniwkers; in the case of a. few nearby villages, 
all or part of the outttiit is retailed by the pro- 
ducer himself; and in addilion to the above 
sources, (vii) some citizens maintain animals 
tor their domestic supply. In order to study 
the quality of milk obtained from the above 
sources, samples were faken in each case at the ^ 
pj'oduotioii as well us the supply end. The diff- 
erent sourc.es examiuod and tlie conditions of 
production and haiidliiig of milk observed at 
* each source are described below: 

(i) Dairy farm [IriiitHute Farm) 

(a) Individual animah (cows and buffaloes). 
Grooming, washing and feeding were completed 
about hall an hour before milking. Milking was 
done by hand in a sanitary byre using covered 
top and sterilized milking pails after the oeces- 
sary preliminary precautions of washing and 
disinfecting hands and udders and discarding 
the foremilk. Samples were taken from the 
milking pail on the completion of milking and 
held in a frigidaire cabinet (-I 50 — -SOF.) foi- 
about hr. before examination. 

(b) Herd milk _ (cow and buffalo). Milk 
obtained from individual animals was imme- 
diately carried to the weighing and collecting 
room and strained through' n. cotton filter pad 
before weighing. After weighing, the milk was 
transferred to S to 10 gallon sterilized cans 
winch w£Te kept closed. Each churn took 
between 15 and 20 minutes to fill and represen- 
ted the milk from 5 to 10 animals. Cow and 
buffalo milks wore collected separately. Sam- 
ples were drawn from the filled cans and held 
m_ the frigidaire for about 1-J hr. before exa- 
mination. 

(c) Dairy milk (coiv and buffalo). The cans 
of milk, after standing in the milk collecting 
loom for about two Iioiirs, were conveyed to the 
dairy (a distance of about 000 yds.), in a covered 
hand drawn truck. Samples of cow and buffalo 
milks_ wore taken separately and imraediatclv 
examined. Each sample represented the pro- 
duction of about 100 cows and 20 buffaloes. 


Conditions in Bangalore- 

under the supervision of (ho customers till the 
animal is milked dry. I'he, animals apjHiaied to 
have been washed befnre being brought in. 
Udders were washed with water and milking 
then done in the oiien on (be, road,-sido by hands 
previously washed with wider. Samples for 
e.xamiiiation were drawn from the milk measures 
before they were cnqitjed into the custoima's 
containers. 

(iii) To'wn stables 

^The stables were of kaclicha construction, 
with poor drainage. The surroundings and the 
cattle were not cleaned properly. Cleaning of 
utensils was done by scouring witli mud 'and 
rinsing out with water. Milking was done in an 
open top cylindric-al milldng vessel in an im- 
elcan manner. Milk was then collected in eon- 
ainers or cans and samjiles for examination 
were taken from these cans caeli samples re- 
presenting the jivoduction of six to ei<.ht 
animals. ' ® 

(iv) Milk hawkers 

The _ milk hawkens used milk cans made of 
galvanized iron or aluminium or tinned iron of 
^ to SO Ib. capacity. The cans were carried 
either hanging on bicycle handles or on the liead 
Ihe cans had no protection against sun and dust 
oiher^than their loose fitting lids. Samples for 
Gxauunatiori were taken from the cans between 
0 and 8 a.m. when the milk was about two to 

four hours old since drawn. 


(ii) Travelling milch coivs. 

the owner 

mo.es his animal from door to door, draws milk 


(v) Town dairies 

taivon handled between 100 and 500 lb. of milk 
ai y and some of them were situated in Busy 

Xcon?^ff-. for hancS 

h- L n .§-alvamsed iron or tinned brass 
diums, buckets and measures. The source nf 
water supply was the municipal tap ami iS 
^vith proper cleaning facili- 

tioni tillages and town milk stables and the 
mulk was therefore, about two to five hours old 
when received. Botniliug was done at’ ! 

th.'OuRh roundsmen. Tho motliod of lomdli, o 
the milk was very unsatisfacdury. Samples for 
e^ramotion weve tolcon at )I,o oountor li.-ihl'n 

h'o houl'oW. "" f" 

(vi) Village milk 

Samples of mixed milk feow and hnOv, I n 
were taken from villages adjoining the Impm'nJ ^ 
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Dairy liisliiute Farui. The houses lui,d tiled 
roul's", closed sides, ka(diehu (louring and poor 
draiaage. \\'el] waiter was used tor watering 
the atiiiuals and tor elcaiiitig purposes. The 
cattle; laaises were merely swept; the niauure 
was allowed to lie nearby. Ordinary vessels 
w<!re usi'd J'ur luilhijig and handling ot the milk 
and tJuii)' cleaning done by the indigojioiis 
inothod. TJie annuals w'ere washed occasional- 
ly iji most eases, their ieeding was done during 
milicing and milking was performed in an un- 
clean inamior, Sami)les of bulked milk were 
taken for examination. Each sample represent- 
eil the ])roduction of about 20 animals. 

(vii) DoHtosiir. cown. The udders of the 
cows wei’e washed with tap' water. After 
the calves had heeu sucked, milking was done 
in brass vessels with small openings. Clean- 
ing of the milking vessels was done by 
scouring with ash and. mud, rinsing out 
wdth water and finally draining and drying them 
in .shade. The vessods were rinsed out with the 
tiq) vvater before use. Samples for examination 
wore taken from the rail'Jdng vessels on comple- 
tion of each milking. 

In this work samples of only morning produc- 
tion and supply were taken. The atmospheric 
temperati.ires at the time vfU’ied from 75 °E. to 
R5°F. Although the Imperial Dairy Institute 
sells pasteurized milk, samples of only raw millc 
before pasteurization were examined to compare 
the quality obtainable under farm conditions 
with the other sources of supply. All the 
samples, other than ibose taken at the Imperial 
Dairy Institute cattle yard and dairy, were 
brought to the laboratory in ice boxes and exa- 
mined, within about half an hour of sampling, 
for Methylene Blue Eeductioii time and 
bacterial count. The Methylene Blue Reduc- 
tion test was performed according to Wilson’s 
modified technique [19B5] and the bacterial 
count was determined by the plate method using 
milk agar as recommended by the Ministry of 
Agriculture [1984]. A total of 1840 samples 
taken, both from the production and supply ends 
was examined. The results obtained are given 
in Tables I and II' respectively. 


Results and utscusstox 


'riie results of tlio tests with the samples at 
production (Table I) show that, under the concli- 
lions obiainahle on tbe Imperial Dairy Institute 
Earn! (reprosi'ntiug slandard dairy farm condi- 
(ious). a majoi'ity of fhc rnilk samples (86-72 


per cent.) of individual cows anti buffaloes con- 
tamed under 50,000 bacteria juir ml. This also 
included a very large p]'oport,ioii. of samples 
giving under 25,000. The majority of herd 
samphis (cow and buffalo) contained between 

25.000 and 100,000 bacteria j)er mi. The jn’O- 
portions of cow herd samples giving a count 
below and abuvt' 100,000 were 91*05 per ce,ut. 
and 8*02 per cent, and of buffalow herd samples 
84-05 per cent and 15-92 per cent respectively. 
All samples t)f domestic cows gave count upto 

100.000 bacteria per ml. exce])t for one sixth of 
the total number which gave between 100,000 
and 200,000. No sample of milk from town 
milk stables (-ontained below 100,000 bacteria 
per ml. A little more than half of the total 
number of these had between 200,000 and 

500.000 and the remaining between 500,000 and 
5 millions bacteria per ml. The majority of 
village milk samples contained between 500,000 
and 10 millions bacteria per ml. and only 
about one-sixth of the total number bad* between 

200.000 and 500,000. 

The methylene blue reduction times of 88-66 
per qent. of the samples of individual cows and 
buffaloes was about 380 min. (5| hr.) and of 
this over half tbe number were above 420 min. 
(7 hr.), Tlie. remaining were decolourized 
between 829 and 240 , min. (5| hr.— -4 hr.). 
Taken separately tlie reduction, time of above 
and below 380 min. was recorded in case of 
90-74 per cent and 9 '24 per cent, of cow milk 
samples and 84-38 per cent and 15-66 per cent 
of buffalo milk samples respectively. All the 
herd milk samples (cow and buffalo) decolour- 
ized between 240 and 419 min. (4~7-|hr.); of 
these more than half of the total number were 
between 240 and 329 min. (4 — S^hr.), only one 
sample being above 420 min. and two beldv 240 
min. The proportions of the cow herd samples 
with reduction times above and below 330 min. 
were 44-61 per cent, and 55'88 per cent, and 
of buffalo herd samples 38-93 per cent, and 61-06 
per cent respectively. All ibe samples of 
domestic cows decolourized between 240 and 
419 min, (4 — 7-J hr.); of these a large proportion 
were between 240 and 329 min. (4— 5-| hr.). The 
reduction time of a majority of samples of town 
milk stables was between 120 and 239 min. (2-4 
hr.), an appreciable number being between 240 
and 329 min, (4 — 5| hr.). Tbe number of samples 
above 329 min. was negligible. The majority of 
village milk samples decolomized between' 60 
and 179 min. (1 — 3 hr.), about two-fiftbs of tbe 
total number were belfween 180 and 329 min. 
3 — 5^- hr.) and a negligible proportion below 
GO min, 




iBLB II 

f the smwples taken ai supi^ly end 
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Oil the ijuppi;y side (Table li)_ 56*29 per eeiii- 
of bbo COW' aiid butfaio milk samples drawn from 
tile imperial Dairy iusbibute dairy showed 
between 50,U0U ana 2U0,UU0 bacteria per ml.,, 
iiiciudiiig a large proportion between 100, OUU 
and 200,000. The remaining showed between 

200.000 and 500,000 bacteria per ml. Taken 
separately the proportions of cow milk samples 
below and above 200,000 bacteria per ml. were 
54-06 per cent and 45-38 per cent and of 
buhalo milk samples 58*72 per cent and 41-66 
per cent respectively. A majority of samples 
of travelling milch cows (74-08 per cent) was 
below 200,000 bacteria per ml. inolndmg a 
large proportion below 100,000. Of the remain- 
ing samples, a iiegiigible number was between 

500.000 and 1 million bacteria per ml. Very 
few samples of milk hawkers showed between 

200.000 and 600,000 bacteria per ml., the 
majority failing between 500,000 and 1 million 
and an appreciable number between one and five 
millions bacO-ria per ml. All the samples of 
town dairies contained above one .million 
bacteria per ml., 71-20 per cent of the samples 
having betweeii 1 and 10 millions and the re- 


maining above 10 ixn.lliu,us. The highest .I'ecui'd- 
cd was about 02 millions. 

,1'he meUiyleue blue I'cduetiun times of a 
majority of sa.mplos urawu .trom Liie Impeiiai 
Jdairy xustitute dairy were between 2-iU and 820 
mm. (45-^ hr.). The romuiiimg were above 820 
mm. except the one sample wmcli decolourized 
between IbO and 280 min. (8-4 hr.). Almost the 
same results were obtained with the samples 
of traveiling milch cows. The majority of 
samples of milk hawkers decolourized be.tween 
60 and 179 min. (1-8 hr.) and the reduction 
times of the remaining were between 180 and 
289 min. (8-4 hr.); only one sample decolourized 
within 60 min. The reduction times of all the 
samples of town dairies were below 119 min, 
the majority deooioiiriziiig within 60 min. A 
. very small number of samples fell between 12u 
and 179 inin. (2-8 hr.). 

The above results as jutlged on Ihe basis of a 
majority of samples of each class show consider- 
able ditferenccs in Uio buctnrjological cjuality ol! 
milk occurring under I ho different conditiouB of 
pn'oduotion and supply. A general comparison is 
given in Tahle III. 


Table III 

Source 

Bacterial cotwt por ml. 

Motliylouo blue reduction time 

Production 

(1) Imperial Dairy Institute Farm- 

fa) Individual aniixiala . , 

{h) Herd . . .... 

(2) Domestic cows . , . . . 

(3) Town milk stables . , . . 

(4) Village . . 

Bolow 60,000 . . 

Below 100,000 . 

Bolow 100,000 , . . 

Between 200,000 and 5 millions 
Between 500,000 and 10 million, s 

Over 330 min. (6if hr.) 

240 to 330 min. (4 to 6| hr.) 

240 to 330 rnin. (4 to 5| hr.) 

120 to 330 min. (2 to Sj- hr.) 

00 to 240 min. (1 to 4 hr.) 

Supply 

(1) Imperial Dairy Institute Dairy . . 

(2) Travelling milch cows . . . 

(3) Milk hawkers . . . . . . 

(4) Towxi dairies . . , . . 

Below 600,000 . . . 

Below 500,000 . . 

Between 500,000 and 5 millions 
Over one million (Maximum 
recorded' over 90 millions) 

Above 4 hr, 

Above 4 lir. 

Below 180 min. (3 hr.) 

Below 120 min. (2 hr.) 


It will be seen from Table III that, amongst 
the sairiplGB of production milk obtained from 
individual auiinals on a modem dairy farm (the 
imperial Dairy Institute) gave The lowest 
bacterial count and highest reduction time, and 
t.lio herd milk and domestic cows’ milk came 
next, followed by milk from town milk stables 
and village milk. On the supply side, milk 
from the dairy farm and travelling milch cow 
gave lower counts and higher reduction times 
than the supplies of milk hawkers and town 
dairies. It is obvious that the methods of pro- 
duction and handling obtaining at the different 
sources which have already been described have 
tended to give varying bacterial counts and re- 
duction times. The very high counts of milk 


from town stables and villages arc evidently due 
to unclean methods. Tlio same can be said of 
the milk hawkers and town dairies. The time 
elapsing between production and supply, un- 
favourable temperature conditions and conta- 
mination during haulage and distribution aro flic 
other Goutributing cause.s in flicse, case.s. 

The methylene blue vebue.tion test has 
receh'ed considerable a,i(entioii overseas. if, is 
now employed in tlie b'ga! eoniroj of market 
milk in Great Driiain. It is coiisid(i!rcd a 
simple, quick and cluiap i('st aiul mue.li work 
ha.s been done on it fo (.lefermiiie wlaflier any 
correlation exists Ix'twcaMi ihe rediad.ioii time 
and plate count. In naiking this study I lie re- 
sults given in Table I show that, wliilu tlierc 
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. is a fair amount of general correlation between position is clearly brought out in Table IV 
the plate counts and reduction times of the in : which, samples show-ing different piatu 
sumo samples of indiv.dual cows and buffaloes counts have been arranged with their respective 
' at the Imperial Dairy institute, marked dis- reduction tirnes. it will be seen that, on the 
crepancies occur in other oases. The latter production side, out of the total of 662 samples 

Table IV 


. Bacttirial counts pur ml. 

Methylene bine reduction time in minutes 

of milk. 

880 and over 

320 to 240 

239 to 180 

179 to 120 

119 to 60 

Below 60 

Total 

No. of Samples 

Production 








LOO, 000 and below 

200, 001 to 600, 000 

500, 001 to 1 million 

Over 1 milliou 

897 (59-07%) 

5 (U-58%) 

202 (39-58%) 
31 (40-70%) 
14 (13-80%) 
10(11-63%) 

3 (0-45%) 
28 (36*84%) 
45 (44-65%) 
14 (10-28%) 

11 (14-47%) 
33 (32-67%) 
27(31-39%) 

1 (l'33%) 
0(8-91%) 
27(81-39%) 

8 {9-31%) 

662 

7(! 

101 

86 

Supply 








200, 000 and below 
i;00, 00, to 500, 000 

600, 000 ti) 1 nulliou 

Over 1 milliou 

49 (35-25%) 
10 <12-10%) 

90 <64-75%) 
(i5(79-i.7%) j 
8 (6-12%) 

7 (8*64%) 
10 (20-41%) 

1 (0-69%) 

21 (42-86%) 
18 (12-41%) 

16 (MO- 01%) 
58 (40-00%) 

08(46-80%) 

139 
82 
' 49 
145 


: with i)late c.ounts of 200,000 and below, 397 

^ .-dod'OT per cent.) gave reduction times of 330 
minutes and over, 202 (39‘58 per cent.) fell 
f between 240 and 329 min. and 3 (0'45 per cent) 

i between 180 and 239 min. On tlie supply side 

1 139 samples gave plate counts of 200,000 and 

; below, of which only 49 (85-25 per cent ) had 

1 reduction tiua'.s of 380 min. and over and 90 

! (04 -75 per cent) fell between 2‘:I0 and 829 min. 

! Similar ohseivations havii been made by other 

! workers. Malcolm and Jteiiwick [1930] observ- 

ed that a considerable proportion of milk 
i sam])lc.s whicli attained the Grade A* standard 
according to plate count reduced methylene 
blue within 5 hr. On the other hand many 
^samples whicdi could be classed as Grade A on 
^ tile basis of reduction time fell out on account 


of plate count. Thomas and Tudor [1937] also 
observed discrepancies. Nichols and Edwards 
[1936] found that samples giving counts of 
over one million per ml. reduced methylene blue 
within two hours. Recently, Kudtdka |194]] 
observed a positive correlation ; samples of nnlk 
si lowing ,50,000 bacteria per ml. reduced the 
dye in about hr., while aai:nplc?s c<<ntauiing 
over one million decolourized it in about BO min, 
Those between tliese extremes gave inter- 
mediate reduction tujies. The results obtained 
in this work are different from the findings of 
Kudelka, but they fall in line with the observa- 
tions of Nichols and Edwards, to aorvie extent, 
as a majority (161 out of 281) of samples 
showing plate counts of over one million reduced 
methylene blue within two hours. 



Plate coimt per ml. 

Methylene blue reduction 
time 



Winter 

Summer 

Grade A* milk — 




Memo. 139/Foods [1937] 

30,000 to 200,000 

<6i hr.. 

<41- hr. 

Grade A milk— 




Wilson, G. S. [1936] 

30,000 to 200,000 

<6| hr.. 

. <6^ hr. 


Eroin tlu' above it will be evident that there 
]s n lack of correlation between the plate counts 
'"Inul rediteiion limes of the same samples but 
f ' at the same time a general correlation is observ- 
ed belwceii phile emmis of 200,000 and below' 
and Ihc' reduction linu'S of 240 rnin. (4 hr.) and 
over (Tahh' IV). 'Plie fact that out of 801 
sani])leR whicdi gave plate counts of 200,000 and 
bedmv, (Uilv d-16 (55-68 ])er cent) and reduction 
I^mes of 380 min. (5?^ hr.) and over while on the 


other hand 798 (99-63 per cent) gave reduction 
times of 240 min. (4 hr.) and over supports this 
observation. 

Summary 

(a) The bacteriological quality of milk pro- 
duced and handled under different conditions 
in Bangalore has been studied by the applica- 
tion of methylene blue reduction test nnd plate 
count. A total of 1340 raw milk samples of 
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A Small Ouibrealc of Strangles in Adult Ponies 

supply included, (i) linpeiial Dairy Institute 
Dairy (cow and buffalo), (ii) travelling milcli 
cows, (iii) milk haw’kers and (iv) town dairies. 

(b) A majority of the samples of milk from 
different sources showed the following bacterial 
counts and reduction times: 


only morning production and supply has been 
exaniiued. Samples of milk taken on produc- 
tion side were from (i) individual animals and 
herd (cow and buffalo) of the Iipperial Dairy 
Institute Farm, (ii) town milk stables, (iii) 
domeatie cows and (iv) village and those of 


yourco 

Bacterial counts per ml. 

Methylene blue reduetioix time 

(а) Indivichial animals (Imperial Dairy Insti- 

tute), 

(б) Hold (Imperial Dairy Institute and 

Below 60,000 

Over 6| hr. 

Below 100,000 

4 to 5i hr. 

domestic cows) 


(c) Dairy (Imperial Dairy Institute) and travel- 

Below 600,000 

Above 4 hr. 

ling cows 



(d) Town stables 

Between 200,000 and 6 millions. 

2 to 5J hr. 

(e) Village . 

Between 600,000 and 10 millions 

1 to 4 hr. 

(/) Milk hawkers 

Between 500,000 and 5 millions 

Below 3 hr. 

ig) Town dairies 

Over one million (maximum 
recorded over 90 millions) 

Below 2 hr. 


(c) Although correlation is observed between 
plate counts and reduction times of the same 
samples of individual animals, marked discre- 
pancies occur in other cases. 

(d) In general, a better correlation is observed 
between reduction times of 4 hr. and above and 
plate counts of 200,000 per ml, and below, than 
between 5-^ hr. and over and 200,000 and less. 

(e) The bacteriological quality of milk from 
villages and town milk stables and of supplies 
made by milk hawkers and town dairies is 
unsatisfactory and improvements in the produc- 
tion, handling and distribution of milk, there- 
fore, need urgent attention. 

(f) The need for a properly organized and 
vigorous campaign on clean milk production and 
handling and an effective machinery for the 


bacteriological control of market milk supplies 
is essential, 
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A SMALL OUTBREAK OF STRANGLES IN ADULT PONIES 

By M. K. Sebemvasan, G,M,V.0., and S. K. CHAtrmaDcrRY, G.B.V.C., Imperial Veterinary 
Research Institute, Mukteswar 
(Received for publication on 13 June 1944) 


An infectious febrile disease occurred among 
the Institute transport ponies during the third 
week of June and lasted till the middle of 
October, 1941. Seven ponies were affected, of 
which three manifested high temperature, 
acute catarrhal symptoms and abscess forma- 
tion of the subrn axillary or narotid lymph 
glands: and the other four exhibited pyrexia 
and catarrhal symptoms associated with signs 
of pharvngitis and laryngitis. The ages of the 
affected animals were 4, 5, 5, 6, 12, 14 and 21 
years. More or less common features were a 
rise in temperature to 1030—104° F. the pre- 
sence of a nasal discharge at first serious and 
later mucopurulent, and that on attempting to 


drink water much of it was returned through 
the nostrils. None of the animals was com- 
pletely off -feed. 

Reports w'ere received that during this period 
a similar condition was prevailing among the 
Banjara-ponies in neighbouring areas around 
Bhowali and Naini Tal and that some of tluir-)- 
died. It is quite likely that the infection was 
acquired at Bhowali, which was frequently 
visited by the ponies. All the affected Insti- 
tute ponies, recovered with proper care and 
treatment. 

Aetiology 

Microscopical examination of nasal diRehn,-*- 4 ^e 
and of pus from fresh! y-opened abscesshs 
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' showed short chains of streptococci. By cul- 
tural examination it was proved that five of 
[ the seven cases were associated with haeino- 

' Ijtic streptococci which fermented salicin and 

trehalose, but not lactose and mannitol, thus 
resembling Edwards’ Type B1 or Bazeley’s 
Type 4. ■ 

f . Than SMI s SION experiments 

^ 1. With blood 

Blood drawn at the height of temperature 
from three cases, Nos. 5, 6 and 7 of the series, 
two of which subsequently had parotid abs- 
cesses, were injeGted subcutaneously into a 
foal, No, 499, aged four months. Apart from 
a sudden and transient rise of temperature (to 
lOS-d^F.) 14 days after the first injection, there 
were no symptoms. 

Blood transmission was also carried out from 
the experimentally-infected foal with negative 
results, the blood at this time showing no bac- 
teria in culture. 
f 2. With culture 

A 24-hour broth culture of streptococci, 
isolated during this outbreak, was sprayed into 
the nostrils of foal 499, 21 days after the last 
blood injection. Four days later, there was a 
definite rise in temperature associated with 
nasal discharge and swelling of the submaxil- 
lary region. This swelling was hard and 
painful and gradually spread over the face, 
especially on the left side. Metastatic abscesses 
‘ then appeared over the submaxillary, 

parotid and pharyngeal regious, abscess formu- 
' -a tion being fully developed within nine days, 

when the temperature rose to 1()5'6° P. The 
abscesses were opened on that day and dressed 
antiseptically. It took nearly four weeks 
before the animal was declared cured. 

Immunity test 

Por this purpose cases 5, 6 and 7 and the 
artificially infected foal 499 were used. A 24- 
hour culture of streptococci, isolated during 

the outbreak was sprayed into the nostrils, a 
healthy foal No. 512 being included as control, 
lluring an observation period of three weeks, 
there was no sign of the disease in the reeover- 
fcid animals, while the control foal developed 
from the 3rd day a temperature which gradu- 
ally rose to 1044)" P. on the 7th day and per- 
sisted for a week, when thick creamy discharge 
from the right nostril was present. This dis- 
(diargc on microscopical and cultural examina- 
tion yielded haemolytic streptococci. The 
jf control foal was left untreated but developed 
? ' no further symptoms. 


Prom the above observations, it is seen that 
the incubation period in the two artificially- 
infected animals (foals 499 and 512j was three 
to four days. The immunity test revealed 
that animals which had once suffered from the 
disease, naturally or artificially acquired, 
attained a strong immunity lasting for at least 
four mouths. To test the duration of immunity, 
the same strains of streptococci maintained for 
a year in culture media were used on healthy 
as well as on recovered ponies. None of these 
animals got the disease, indicating that the 
bacteria had lost its virulence. An attempt 
at exalting the virulence by rabbit passage was 
unsuccessful. 

Discussion 

In this small outbreak only adult animals 
were at nslt, but in three of Che seven aliected 
the lesions were tliose of typical straugies. in 
this connection it may be noted that tfie ponies 
had lived a relatively isolated existence m the 
Kumuun hills and had only rarely been 
in close contact witii otlier uqiiines. Tiieir 
susceptibility would tlierclure be high. Experi- 
mentally, it is interesting to note that a cimicai 
attack of strangles was readily set Up m foais 
by means of a streptucoccus culture. Bazeley 
[iu43j found that positive results could only 
be obtained with certainty by using a very 
young (4-^ hr.) culture, but in ibis work there 
was no difficulty in setting up the disease in 
young foais with a 24-liour culture of an early 
generation. 

Summary 

1. An account is given of a small outbreak 
of strangles in adult ponies, associated with 
haemolytic streptococci of Edwards’ typo Bj 
or Bazeley’s equine type 4. 

2. Blood of affected animals taken at the 
height of fever was non-inf ective, but strangles 
in its typical form was easily set up experi- 
mentally in foals by nasal installation of a 24- 
liour brooth culture of the streptococcus. 

3. Naturally and experimentally infected 
animals were proved to be immune. 
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THE GOMPOWriTON OE PRE-MILK AND COLOSTRUM OP DAIRY COWS 
OP THE PEDIGREE SAHIWAL HERD , AT THE IMPERIAL 
AGRICULTURAL RESEARCH INSTITUTE, NEW DELHI* 

•By fcS, K. MuKHEIWEE, K. SWAMINATHAN and B« VlSWAHATH , 

Imperial Agricultural Research Institute, New Delhi 
(Received for publication on 1 November 1943) 


One of the practices in the management of the 
Sahiwal Herd at this Institute ; is to premilk 
heifers and cows about to oalve. It is usually 
clone for a period of 5 to lo days before the 
animals are due to calve. The milk thus 
obtained is culled premilk; it is yellowish in 
colour aud thick. Jt is not mixed with the 
normal milk, but is used in the' feeding of 
calves. 

Two or three', instaiice.s occurred in which 
heifers began to develop udders and to yield 


milk, even before they were put to the bull. 
The quantity of the preniilk ranged from a to 
15 lbs. per day. An instance is that of heifer 
No. 769 wdiich was born on 18th. March 1936 
and was put to the bull on 29th. Jnue 1938. 
This heifer was giving milk even before she was 
put to the bull. The milk resembled normal 
milk in physical appearance. In chcnnicai. com- 
position also it was similar to normal milk as 
cun be seen .from tite analytic', al data given 
in Table I. 


Table I 



Heifer No. 769 

Heifer No. 776 

13 th July 

14th July 

10 th Jmie 

16th Juno 

20th Juno 

13 th July 

14th July 

Total solids . . . 

14<0 

14-2 

14-1 

14-7 

14-0 

14-9 

14-6 

Fat . . 

4-8 

.5-0 

4-3 

5-1 

4-5 

5-0 

5-1 

Acidity . ... 

0-13 

0-12 

0-20 

0-21 

0 - 17 

0-19 

0-18 

Lactose . . . . 

5-1 

4-6 

5-1 

5-2 

5-2 

5-4 

5-0 

Total Protein , . 

3-4 

3-4 

3-2 

3-1 

3 - 1 

3-0 

3-1 

Casein . ... 

2-7 

2-7 

2-8 

2-6 

2-6 

2-5 

2-6 

Albumin and Globulin 

0-7 

0-7 

0-4 

0-5 

0-5 

0-6 

0-5 

Coagulation test . . 

no 

no 

no 

no 

no 

no 

no 

Ash . . ... 

0-67 

0-67 






Sp. gravity .... 

1-029 

. 1 

1-029 

1 


^ . 1 




There was another lieifer (iS'o. 776) which was 
born on 10th June 1936 aud was put to the bull 
on 25th December 1937. This heifer began to 
give from the 5th or the 6bh month of gestation 
secretions which were in all appearance like 
normal milk and analysed like normal milk, as 
cun be seen from the results given in Table 1 
above. 

These milks were submitted to nutrition tests 
by Dr E. K. Pal, a medically qualified and 
experienced officer stationed at the Institute as 
Liaison Officer between Human Nutrition and 
Agricultural Eeseareli. He carried out experi- 
ments with rats and a large number of boys in 
the Estate and found that this abnormal milk 
was in no way deficirmt in composition and 
nutritive value. 

Tt was, therefore, of interest to ascertain the 
e.lKcmical composition of the premilk i.e., milk 
obl.ained a few days before calving, as a preli- 
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miliary to the slarting cjf furl, her .investigations. 

Eroni the available literature on the subject, 
it is seen that the investigations wem along 
two main linos — (a) From secretions before 
calving to eolostnnn. studied by Woodman and 
Hammond [1923] and Aslidell 11925] and (b) 
From colo.struin io normal milk, studied by 
Bergmaim and 'Turner [1937], Dover and 8iva- 
subrainaniam [1938] and 8hah [1936]. 

In this investigation we have obsc'rved the 
variation in the eonqiositioii of preinilk of 
heifens and cows of different calving and agc'S 
np to the day of ])arl,iiri(ion and coni, inning to 
the state of normal milk seen'tion. d'he secrc'- 
tions were wilhdrawM fwicc' daily; onlv morn- 
ing secn'iioiis were' anal\s''d. 




*Tho laafcoriiil for thi.s urtiolo wsui tulain from the 
thesis submiUc.'d by M. K, Makliorjcv' in for fho 

Asssoeiatoship of t'ho rmpciriul A;,!;rit!ultiiral JtoaoaiTh 
Institute. w 
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Exi'KttiMENTAi^ Samples of milk were received from cows of 

the pedigree herd of Sahiwal of the Institute. 
The anai}'se.s were curried out during the Particulars of the animals whoso secretions 

period 10 Jiim;, 1008 to 21 September, 1938. were analysed are given in Table 11 . 

Table II 

Dcm-ptioii, etc. of the animals 


No. 

Date of 
birth 

Date of 
service 

Period of gestation 
at the time of 
analysis 

Calved after service 

Months 

Days 

Months 

Days 

770. Hoifor 




10-6-36 

25-12-37 

6 

15 



709. Heifer . . 




18-3-36 

29-6-38 


15 



771. Heifer 




6-4-36 

18-11-37 

9 

0 

9 

9 

772. .Heifer 




29-4-36 

3-12-37 

9 

3 

!1 

8 

773. Hoifor 




3-5-36 

25-11-36 

9 

9 

9 

10 

7()3. Hoifor 




29-12-36 

11-9-37 

9 

2 

9 

17 

730. Cow 2ud Calvor . 




1-12-34 

26-11-37 

9 

14 

9 

10 

740, Cow 2rid Glalvor . 




27-12-34 






742. Cow 2ud Calver . 




5-1-36 

7.'ll.37 

9 

7 

9 

io 

710. Cow 3rd Calver . 




14-3-34 

26.11-37 

9 

4 

9 

0 

710. Cow 3rd Calver . 




12-2-34 

22-11-37 

9 

9 

9 

12 

074. Cow 3rd Calver . 




10-12-32 

24-11-37 

9 

12 

9 

15 

700. Cow 3rd Calver . 




23-12-33 

26-9-37 

9 

6 

9 

9 

044. Cow 4tli Calver . 




10-9-31 






053. Cow 4th Calvor . 





23-V1.37 

9 

’(5 

’9 

■ '7 

604. Cow 5th Calver . 





5-12-37 

9 

4 

9 

4 

609. Cow 8th Calver . 





25.11.37 

9 

16 

9 

15 


I. he samples of 
clean bottles and were kept 
temperature of about 10° G. 


secretions were obtained in 
in iced water at a 
They were imme- 


diately taken to tlie laboratory for analysis and 
were shaken properly before each pipetting. 

Total solids, ash, casein, lactose and acidity 
wen.' estimated according to the A. 0. A, 0. 
methods of analysis [1935]. Fat was estimated 
by Gerber’s H^SO^ — amylalcohol method and 
8p. gravilv by means of the Westphal balance 
(^7). ’rotal protein was separated by 4 per 
cent, trichloracetic acid from the non-proteins 
(3). Albumin was at first determined directly 
l)y the A. O. A. G. method [1935'1, but it was 
snusecpieutly fo\md not suitaide in presence of 
globulin. Later on, globulin was' directly esti- 
mated by th('. satd. MgSGl method [1937 ( , and 
Gic allmmin couieut was obtained by diherence. 


( 'olosliaim milk and promilk coagulated on 
lieating. Idle (‘oaguJaliou was studied as fol- 
lows — (‘olostrum or iircunilk was diluted with 
till' reiiuisile amounts of normal milk in test 
lubes to make dilutions of 10 per cent., 15 per 
eenl, 20 per cemt, and so ou with I’espect to 
normal milk. Tbo tesf tubes were then stop- 
jiered and kc'pl in a boiling water bath. After an 
hour or so, flocculation, if any, was observed. 


The minimum dilution for complete coagula- 
tion, was put down as the coagulating power 
of the secretion. Thus 10 per cent coagulation 
moans that 1 cc. of coloBtruin is the minimum 
quantity coagulating 9 cc. of normal milk. 
Since normal milk does not coagulate by itself 
tile eoagiilating test was a criterion for judging 
the stage of transition from colostrum to normal 
milk. 

The results of analysis are summarized in 
Tables III to VI. Instead of showing the day 
to day variations of the various constituents, 
only the compositions of the secretions on the 
first day of withdrawal, just before calving and 
just after it, and at the normal milk stage are 
recorded. These clearly indicate the transi- 
tional phases in the production of milk. 

The change from jiremilk to normal milk is 
characterized by two transitional stages. Firstly, 
prerniik to colostrum and secondly from colo- 
strum to normal milk. The compositions of 
the secretions with reference to those' two 
stages are discussed below. 

Premilk and eolosirum have hight'r [lereent- 
ages of total solids than normal milk. In pre- 
milk the high total solids are assoeiah'd with 
a high protein content, wdicreas in colostrmn it 
is due to the high fat content. 



Composition of Pre milk and Colostrum of Dairy Cows 


2U 

Tile fat percentage is deliuitely low ia pre- 
milk. It increases gradually at first rising 
abruptly on the day of oalving or the following 
day. Afterwards there is soiuetimes a sudden 
rise but usually a somewhat lower value is 
obtained after about two to three days; it then 
remains almost constant. In two or three cases, 
the fat percentage of premilk is somewhat 
high, but it gradually falls as premilking pro- 
ceeds until the day of calving when it rises 
again. 

Generally a high value for the acidity of colo- 
strum and premilk was obsei’ved, which gra- 
dually diminished to the low value of normal 


milk. The maximum acidity of premilk was 
0'63 and minimum ,0'20, but the normal value 
was about 0-25. 

Lactose content of premilk is very low and in 
certain cases it was too low tio estimate. The 
gradual increase in the lactose content probably 
indicates that the animals, a.s tliey advance in 
pregnancy, synthesize this product for the pro- 
geny. The final value is almost the same in 
all cases. 

Proteins comprise the most important item in 
the whole analysis. It has been observed that 
protein content decreases as secretions are 
drawn starting from premilk or colostrum to 


Table III 

No. of 
days 
pre- 
milked 

Before calving 

After calving 

Before calving 

After calving 

Initial 

analysis 

Just 

before 

calving 

Just 

after 

calving 

Normal 

milk 

Initial 

analysis 

Just 

before 

calving 

Just 

after 

calving 

Normal 

ittillc 


Heifer 

No. 


Variation in total solids 


Variation in sp. gravity 


24-2 

14-0 

18*4 

16-3 




18-6 

16-4 

20*1 

16-9 


i-047 

1-038 

13-6 

16-6 

21-3 

18-6 

i”031 

1-032 1 

1-02!) 

24-3 


34*8 

1 13“1 

1-063 


1-044 


Total protein 


0-9 

Fat 

3-5 

9-5 

5-2 

2-6 

Lactose 

4-2 

3-8 

2-8 

1-6 

9-1 

7-3 

2-9 

3-2 

3-1 

3-2 

4-2 

5-6 

7-1 

3-8 

3-0 

3-2 

2-4 


7*1 

6-8 

3-0 

.. 

3-4 

0-33 1 

Acidity 

0-32 1 

0-29 ! 

0-28 


Ash 


0-43 ; 

0-43 

0-43 

0-27 

6-82 

6 -83 

0-76 

0-28 ' 

0-28 ! 

0-41 

0-27 

0-66 

0-76 

0-69 

0 - 52 


0*63 

0-26 

0-93 


0-82 


16-0 

4-7 

4-4 

4-0 

2-4 

3-3 

3-1 

10-3 

8-1 

8-8 

3-6 

4-3 

2-9 

4-5 

3-7 

3-9 

3-6 

3-6 

3-5 

2-5 

2-4 

13-5 


8-9 

3-6 1 

5-0 


4-2 


4-4 

4-1 

4«1 

3-6 


0-78 

0*75 

0-74 


1-6 

i-1 

1-4 

0-28 

4-4 

3-1 

2-9 

0-23 

0-49 

0-24 

0-13 

Nil. 

0-92 

0-83 

1-8 


1-2 

Nil. 

6-7 


3-5 


Albumin and globulin 


Coagulation test 


0*39 

0-62 

0-04 


Cow 2nc 
calver 
No. 
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No. of 
days of 
pre- 
milking 

Before calving 

After oalviug 

Before calving 

After calving 

Initial 

analysis 

Just 

before 

calving 

Just 

after 

calving 

Normal 

milk 

Initial 

analysis 

Just 

before 

calving 

Just 

before 

calving 

i 

Normal 

milk 


Variation in total solids 


Variation in sp, gravity 


736 

2 

16-8 

14-8 

16-4 

15-2 

1-033 j 

1-031 

1-032 

740 

9 

16-6 

14-3 

22-1 

17*8 




742 

9 

18-7 

20-7 

25-7 

16-8 





736 

2 

6-4 

3-9 

6-8 

6-0 

2-8 

4-1 

3-6 

740 1 

9 

1-1 

1-6 

6-9 

8-1 

2-6 

3-1 

3-4 

742 

9 

0-3 

11-0 

13-0 

7-1 

1-7 

3-8 

3-3 


4*3 

4-1 

3-8 


Acidity 


736 

2 

0^29 

0-28 

0-28 

0-27 

0-72 

0-67 

0-74 

740 

9 

0-39 

0-38 

0-43 

0-36 




742 

9 

0-23 

0-22 

0-22 

0-23 

0-72 

0-81 

0-82 


Total protein 


736 

2 

4-0 

6-3 

4-2 

3-8 

2-8 

2-8 

2-7 

740 

9 

11-0 

6-4 

9-6 

3-9 

2-9 

2-6 

3-7 

742 

9 

13-1 

3-8 

3-9 

3-9 

3-3 

3-0 

3-0 


3*3 

3-1 

3-2 


736 

740 

742 


736 

740 

742 


2 

0-66 


0-64 

0-14 

0-68 

0-66 

0-86 

9 1 
9 

3-3 

0-70 

0-90 

0-62 

6-6 

0-01 

0-03 


Albumin and globulin 


Goagulation 


2 

1-2 


1-6 

0-49 

no 

no 

50 

9, ' ! 

8-1 

3-9 

3-9 

0-80 


30 

10 

9 

9-9 

0-71 

0-93 

0-76 


90 

80 
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Com'position of Pre-milk and Colostrum of Davnj Cows 

Table V 


Cow 3rd 
calvor 
No. 

No. of 
(layf, of 
pre- 
niilking 

Before calving 

After calving 

Before (salving 

After calving 

Initial 

analyaia 

Just 

before 

calving 

Just 

after 

calving 

Normal 

milk 

Initial 

analysis 

Just 

before 

calving 

Just 

after 

(salving 

Normal 

milk 




Variation, in 

total solids 



Variation i. 

n sp. gravity 


674 

4' 

17-4 

17-9 

24-0 

16 -7 

1-046 

1-040 

1-060 


706 

3 

15-3 

18-9 

13*3 






710 

3 

14-0 

21-0 

15-0 

15-0 

1-038 

1-029 

1-023 

1-023 

716 

2 

17-0 

26-0 

17-2 

17* 2 

1 1-039 

1-043 

1-031 

1-030 




Fat 




Lactose 


674 

4 

1-4 

1-7 

7-8 

7-1 

2-3 

3-6 

2-8 

3-9 

706 

3 

0*5 

0-4 

7-2 

3-8 

2-6 

3-1 

3-2 

4-3 

710 

3 

0-8 

4*3 

11-0 

3-3 

2-3 

3-3 

3-3 

3-4 

716 

2 

3*2 

3*2 

11-7 

6-0 

2-0 

3-3 

3-7 

3-8 




Acidity 




Ash 


674 

4 

0-30 

0*28 

0-42 

0-26 

0-74 

0-79 

0-77 

0-68 

706 

3 

0-27 

0*27 

0-33 

0-26 





710 

3 

0-28 

0-24 1 

0>23 

0-16 

0-87 

0-78 

0-70 

0-83 

716 

2 j 

0-34 

0*39 

0-42 

0-30 

0-70 

0-89 

0-73 

0-74 




2'otal protein^ 




Casein 


674 

4 

1 10-2 

6-4 

1 11-1 

3-5 

3-4 

[ 3-0 

\ 3-6 

2-7 

706 

3 

9-7 

7*2 

8*1 

3-7 

2-9 

2-9 

3-6 

2-9 

710 

3 

7-4 

4*3 

4-3 

3-8 

3-1 

2-9 

2-9 

3-0 

716 

2 

7.7 

6-9 

6-9 

4-6 1 

4-8 

4-6 

4-2 

3-7 




Albumin 



Globulin 


674 

4 

1»6 

0-72 

4-2 

0-78 

5-1 

2-7 

3-4 

Nil 

706 

3 









710 

3 

1*0 

0-41 

0-33 

0-28 

3-3 

0-99 

0-99 

0-52 

716 

2 

1-3 

0-63 

0-53 

0-62 

1-7 

1-7 

2-2 

0-27 




Albumin and globulin 


Coagulation test 

674 

4 

6-7 

3*4 

7-6 

7-78 

10 

20 

10 


706 

3 

6-8 

4-3 

4-6 

0-80 

20 

30 

20 


710 

3 

4-3 

1*4 

1-3 

0*80 

10 

60 

60 


716 

2 

3-0 

2-3 

2-7 

■ ■_ 

0-89 

10 

20 

20 

no 
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, Cow 4fh 
calver 
No. 

No. of ] 
days of 
pre- 
niilfcmg 

I Befoi’e calving 

After calving 

Before calving 

After calving 

Initial j 
analysis j 

Just 

before 

calving 

Just 

after 

calving 

Normal 

milk 

Initial 

analysis 

Just 

before 

calving 

Just 

after 

calving 

Normal 

milk 



P 

Variation in 

total solids 



Variation in 

i sp. gravity 


644 


20-0 1 

22-0 1 

\ 21-4 ' 

1 21*3 1 





663 


17-7 1 


1 18-7 

1 17-5 1 

i-050 

1 1-040 

1 1-040 1 

i-030 




Fat 



Lactose 


644 I 


1 0-2 1 


11-4 1 

8‘8 1 



3-2 1 

3-9 

653 


0-6 1 

0-7 1 

4-6 

7-4 1 

1.8 

3‘5 1 

3-6 1 

3-9 





iciditg 




Ash 


644 1 

1 0-41 1 


1 0-36 

1 0-32 



j 0-63 

1 0-86 

% 663 1 

1 0-26 

1 0-33 1 

0-33 

1 0-23 

1 1.0 

j 0-85 

1 0-62 

1 0-67 



Total protein 




Casein 


644 


j 15-0 

5-0 

4-8 

1 4-2 1 

3-2 1 

3-7 



653 


1 12'7 


7-0 


3*1 1 


1 3-5 

I .1-3 



Albumin 




Globulin 


644 










653 


2^ 



1 d-5S 



I 4-3 

1 d-7 




Albumin and globulin 


Coagulation test 


644 


1 11*8 1 

2- 3 

1-6 

0 • 60 

1 10 

40 

40 

no 

653 


9-6 



0-0.5 

20 


' 30 

no 


milk. This decrease is due to the re- 
diK'.tiou of two of the proteius, vizi., albximiu 
and globulin, and especially of the latter. Only 
in womo oases the protein content shows an 
abrupt rise immediately after calving, but this 
is fui’ from a general occurrence. In cases 
where premilking has been done the protein 
content scarcely shows increase but where; pre- 
milking has not been done at all, or only two or 
three days before parturition, the protein con- 
tent is usually high but shows no further rise 
(see below). 

(htsein content does iiot vary much for the 
Aflifi'ereut animals and show’s no transitional 
(diange. l<lven when the total protein is high 
tlie, ciiisein content remains almost unaltered. 

(Slohnlin content remains jit a high level in 
premilk; it tlum gr:idnally diminishes. Occa- 
sionally, a rise, in the globulin content may be 
olists'ved ill the eolustrniu, but if premilldng is 
^ {h)ii(>. for a long time tlio chance of such a rise 
'S uegligililo. When no secretion is drawn 
befoj'c calving the globulin content of colostrum 
is considerably high, and abruptly drops to a 


low value on the day following calving.. In 
such cases tlie total solids, fat, specific gravity 
and acidity may also be high. Two such cases 
are enumerated belowf in Table VII. 

Table VII. 


.'jfch Calvor No. f>048th Calver No. 669 



Imme- 

diately 

after 

calving 

Normal 

milk 

Imme- 

diately 

after 

calving 

Normal 

milk 

Total , solids 

15.7 

16.2 

31.5 

18-4 

Fat . 

10.2 

10.5 

3,5 

9-1 

Acidity 

0.‘5S 

0.28 

0.45 

0-26 

Laeto,se . 

1.8 

4.3 

• 2.4 

4-1 

T. Protein 

19.3 

4.3 

9.S 

3-0 

Casein 

4.3 

3.6 

3.5 

3-2 

Albumin . 

2.0 

0. 10 

2.2 

0- 63 

Globulin . 

13.0 

0.5S 

4.0 

0-03 

Coagulation test. 

10 

no 

30“ 

no 

Ash . . I 

0,95 

0.79 

0.76 

0-66 

Sp, gravity . | 

1.08 


1.06 

! 



I 



Asli ciojitoiib varies slightly ior the dilXerejit 
(!(j\vs. .Li is only somewhat higher in colostrum 
and premilk ihuii in ordinary milk. 


'I.’lie spcicific gravity oil pruinilk and colostrum 
is goiiuraliy somewhat highto.‘ than that of nor- 
mal milk. These high values are parallel with 
the high viscosity of the secretions. ^ 


Variations of the different constituents from 
animal to animal are better correlated with the 

Table VIII 


period* of “dryijig'’ i-lian with the age of the 
animals or other eluirae.lia'istics. The. range 
of variations of some, imjjori.aiit eonstitueiitis 
is given in 'liable Jroiu which it would 

appear that the range is nob nmcJi, dirferenb tor ' 
the. different animals bub the absolute values are 
dependent upon the leugtli oil tinuj the, animals 
have been kept “dry”. 'The .length of the^ 
drying period has been calculated from Table f 
11 as the difference between the figures given ', 
in columns 5 and 6 . I 



Premilk 

(Range) 

Colo9tri.un 

(Range) 

Normal nfilk 
(Range) 

Length ' 
of 

drying 
period 
(Range) 
in days 

Total solids •/ 

Heifors . 

Cow, 2n(l calvejvs 

Cow, 3rd calvor.s 



13.5--24.3 

15.8—18.7 

13.7—17.4 

18.4— 34.8 

16.4— 25.7 
18.9—26,0 

13.1— 18.5 

15.2— 17.8 

13.3— 17.2 

1— 15 

2— 9 
2—3 

Fat . .-f 

lieilbus 

Cow, 2nd oalvors 

Cow, 3rd calveus 



0.0— 3.2 
0.3— 5.4 
0.5— 3.2 

5.6— 9.5 

5.8—13.0 

7.2—11.7 

5.2— 7.3 
5.0— 8.1 

3.3— 7.1 


Total Protoin-|^ 

Hoifors . 

Cow, 2nd culvers 

Cow, 3rd calvors 



3.7— 16.0 
4.0—13.1 

7.7— 10.2 

3. '5— 8.9 
3.9— 9.6 
4.3—11.1 

3.0— 4.0 
3.8— 3.9 
3.5— 4.6 


Globulin . 

Heifers . 

Cow, 2nd culvers 

Cow, 3rd culvers 



0.0— 6.7 
0.68—6,0 
1.7— 5.1 

0,83—2.7 
0.03— 0.86 
0,99—3.4 

0.04—0.39 
0.14—0.35 
0.27—0.52 , 



From the results of analysis (Tables HI, IV, 
V and VI) summarized above, it would appear 
that ill general the secretion withdrawn before 
parturition, i.e., the premilk, is characte.i’iKed 
by (1) a viscous consistency, (d) high total 
solids, (3) higli protein conient, especially glo- 
bulki, (4) high acidity, (5) low lactose content 
and (0) low fat content , If the premilkiug 
period -is long the percentages of the consti- 
tuents tend to equalize with those of normal 
milk, excepting that the fat content shows an 
abrupt rise on tlic day of calving or the follow- 
ing day, there being hardly any increase in the 
globulin or the albumin content. If, however, 
the period of promilking is short (e.g., twm or 
three days only) the transition from premilk to 
colostrum is more abrupt. 'The withdrawal of 
premilk has thus a tiorraalizirig effect on the 
composition of (!olostrum (cf. also results in 
Table V). • 

Sdmmaey and conclusions 
The secretioiis from the udders of a number 
of heifers and' ews of different calvings and 
ages, withdrau'n before calving, after calving, 
and up to the normal milk stage, were analysed. 
Total solids, fat, proteins, especially globulin, 


showed chuVactcristic variations which could be 
correhit(.-il with the, transitional phases frc).m jire- 
milk to i<olestnmi and from colostrum to normaU' 
milk. 

Two Ijeifers yielded large qiiautities of secre- 
tious vv'bicii wci’e almost identical with normal 
milk in both ])hysi('fd ap])earanco and chcuuical 
compositioii. When j)r('milking is done for a 
long time tlie composition of the seci'i'lions 
tends to. become similar to that of noimal milk. 

We take the oppnrlnnity lo express oiir 
thanks to Mr W\ nne Saye.r, the Inijx'rial Agri- 
onlturist and lo ' .\rr Kernandez, the Cnille 
Superintendent for i.he supply of samples of 
milk for the iuvostigalion. 
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t' FLUOROSIS OF CATTLE IN THE MADRAS PRESIDENCY 

! lly M. ViswANATHAN, G.M..V,0., Veterinary Investigation Officer, Madras 

i (Becoived for publication on 26 MarcVi 1943) 

(With I’lato XXn.) 


I In irttl-rir) Uu.'. wrilt'r recorded the existence of 
a disease wltifdi on cdiui(;ul ground be described 
as ebroiiif', riieunia.lic*, arllirit.is in cuttle in eer- 
i ^laiii villuges of ivuriiool disUicti. idince then. 

oolulii.ioii has been leportod from other 
; districts and the present article includes' an 
account of the disease as observed in cattle in 
iho Madras Presidency. 

The disease is locally known in Telugu 
■ districts as Voyupotlu or Voyunoppulu (Voyu=z 
hlieuniatism, Potlu or Noppulu^paim) md in 
Tuinil ns Keelvoyu (KeeT^joint and Fo'^w — 
Pdieninatisrn). 

i! OoenilENOE AN.D SYMPTOMS 

This disease occurs in several villages of 
various taluks of Kurnool, Anantapur, Chiddapali 
7 a ■^and Kcdlorc districts, the endemic regions being 
f adjacent to Hyderabtid State where this disease 
is also prevalenla The endemic areas of the 
'Madras Presidency lie on the borders of the 
'N'iillninalais range, situated on one side of the 
'Kurnool district and divided by the Tlninga- 
! bad.ra and Kistnu irivers. 

i: The disease goner all 7 affects breeding bulls, 

working bnllocks and cows. Calves and 
buff aloe's suffer only occasionally (Plate XXII, 
fig. 1). Few cases have been observed in sheep, 
hut none in other domestic animals. 

Amongst cattle the condition has been obsery- 
^ ed more frequently in Ongole breed of cows in 
^ mills: and bullocks at woi’k kept under stall- 
feeding condition. Ntiinber of cases have been 
observed in cows during lactation period and 
after their first calving. Only two cases have 
been observed in sheep, both of which were 
handfed. 

Animals of the Ongole breed appear to be more 
susceptible than others; Mysore, Alambadi, and 
in certain villages 5 to 10 per-cent of cattle of 
tins breed might be found affected- 

Tlie conditions is rare in young animals and a 
few cases only have been recorded in suckling 
A calves. 

■ Cases of the disease may be observed through- 
out the year, but the symptoms appear to be 
more marked during the ploughing season and 
at the commencement of rains. 

The history given by the owners is that the 
nntmuls piirchfisod when young, get the affection 


one or two years after their arrival in the 
endemic area. 

The first indication of this condition is 
lameness in one or more limbs, more often the 
foreiimbs, and more particularly in the shoul- 
ders, which appear to be thrown forward. The 
lameness is usually a constant feature, generally 
obscure and progressive in nature and metastatic 
in character. 

In about six months to a year from the onset 
of lameness, the animal shows stiffness of gait, 
evinces pain while w^alking, and finds difficulty 
in arching its back. 

Later on the animal shows extreme emaoia’^ 
tion due to atrophy of muscles all over the body, 
experiences difficulty in lying down and getting 
lip and finally remains recumbent. 

The hoofs are found twisted, distorted and 
over grown, the digits having a tendency to 
separate, and the points of the toes frequently 
curving inwards. 

Skeletal abnormalities are manifested by 
swollen joints and exostoses over the long bones 
and. the jaw. These appear as hard, bony en- 
largements bni the medial and lateral aspects of 
the. joints and the hones giving them a thickened 
or deformed appearance. In very severe cases, 
the pasterns becomes affected with even anky- 
losis of the joints so that the limbs present a 
club-shaped appearance, causing marked 
lameness and a peciiHarly stiff gait. 

Callnse,s are noticed on the prominent hones 
and the ribs. These occur in Ihe form of 
nodular elevations on. 'the middle of the ribs in 
a lengthwise manner on one or both sides an’d 
range in size from a walnut to a hen’s egg. 

The animal feffis pain over the exostosis. 

In certain endemic areas the affected animals 
show^ discoloration of teeth, with brownish pig- 
mentation and mottling, and even chipping off 
at places. 

In 'the eai’Iy stage of the disease animals feed 
normally, but later the appetite becomes im- 
paired, coat becomes harsh and rugged, emacia- 
tion advances and death ensues. 

In young stock, growth remains poor in spite 
of good feeding. 

Other symptoms include lowered fertility, de- 
layed oestrum, sterility reduction in milk yiedd 
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and i]i some iuHtaneos pliotopliobiu. The coi.ii’se 
ot tills disciisu runs Iroiii a fuw mouths to a Tow 
yfiars, but in Ijuffsiloes the duration is shorter. 

i‘OST MOliTKM r'lNDlNGS 
.Due iu religious Hcutuucuts o£ the people the 
writer hud some diilieidty in' getting aheoted 
auiiuals lor dostruetiou and post mofUm exami- 
Uidion. An opportunity was, however, availed 
Itjr examining yoat mortem ol: two anhuuls 
destroyed in axlrcmis in a very badly affected 
village. Ill both, the internal organs appeared 
to be noi’mal and the lesions were conlined to 
the skeleton only, d'he following is the pro- 
tocol of pout mortem findings. 

Case No. 1. The hip and shoulder joints were 
severely in flammed, metatarsal bone and. the 
knee joints showed bony exostosis and diffuse 
periostitis and tlio nodular prominences present 
on the ribs were porous in oliaracter. The median 
suture in the skull showed a tendency to give 
way and the mandibles of the lower jaw were 
disunited at the symphysis. Th(> epiphysis of 
the left humerus had the tendency to separate 
from tlie proximfd end and those of the radius 
and ulna at their distal ends. The cancellated, 
tissue in tlie interior of the long bones was found 
infiltrated with a Inrdacinus material. 

C^tsc No. S. Of the ribs examined, one 
showed partial fracture about its middle at two 
places and another showed the two fractured 
ends, one riding over the other with callus for- 
mation around them. None of the long bones 
showed any exostosis, hnt nuinnrons ohsteo- 
lihytes were found on the non-articular surface 
of one of the ospedis bones. The cancellated 
tissue of the loner hones showed infiltration with 
lardaeious material. 

Etiology anii -rpizootiology 
111 this rheumatic affection of cattle, the etio- 
logical factors likely to be considered are (U 
in'" balance of diet with regards to its mineral 
contents (2) deficiency of phosphorus' (31 defi- 
ciency of vitamins and (4) fluoride poisoning. 

From investiffations carried out by the Gov- 
ernment Agricultural Chemist, Coimbatore on 
samples of pasture grass from affected and 
healthy areas, it has been shown [Eamiah. 
19411 that the former contains a high Ca and 
' low P and the latter normal values for these 
minerals. Similarly, 14 samples of other 
fodders sent to the same worker for analysis 
revealed a striking unbalance wdth regard to 
luinerals. Again, a survey of paistures 
of ISIalahar and Knrnool districts carried out by 


the Ltovermnont Agricultural Chemist showed 
a shortage, if not the actual dclieicncy of these 
mincruls. in the former (list riel both. CaC and 
PgOg,! were low, whereas in t.lie latter a shortage 
of PoOgonly was revealed. 

TMie delieieney of P in ilie, pasture leads to 
lowering- of inorganic P vahu' of blood, aiul in 
order to obtaiji further eviclenee nparding tlio 
etiological sign! lie, uiKie, of Ciis factor, hloud 
sa,inp[es from affeeied and normal animals were 
analysed by the Government Agrieultiiral Clu'- 
mist, Coimbatore with the result that whereas 
ill the latter Ca and P both showed a normal 
value, in the foi’mer, P content was found io he 
low. In certain number of cases the value* 
was found to be below 1 mg, ])er 100' e.e. (d' 
blond. Blood samples sent from Madras i-ases 
for analysis at the Imperial Veterinary lleseareli 
Institute, IV.atnagar, showed no variation from 
normal; but those sent from Ifvderabad, where 
a similar disease oe.e.nrs, proved deficient in P. 

Vitamin A de.iieieney was suspeeted to play a 
part in causation of this disease as the number -'ll 
of (f.-ises are loss in the rainy .season when the 
animals usually ingest plenty of green fodder. 

Analysis of well water and soil samples from 
certain affected localities have revealed the pre- 
sence of fluorine in a eoneentraiiion higher than 
the amount ])resent in those of healthy areas. 
ItepresButative rocks and soils of nn area 
stretching from Knrnool division to Marlcapur 
revealed on analysis a high content of fluorine. 
According to the Govt. Agrionltiiral Chemist. 
Coimbatore |■ltnmiah, 1938-30] the Cuddapah- 
KuVnonl .system of sedimentary rocks .shows a ^ 
high flourine content, ranging up to 960 part per „ 
million or about 500 times lliat of well water. 
Work carried out at the King Institute of Pre- 
ventive Medicine, Guindy, show that the 
highest fluorine concentration is to he found to 
lie in the narrow belt of granitoid rocks stretch- 
ing north, north-east from south of K.aiiigiri, 
Nellore and to the Krishna river near Ainrawati 
in Guntur. The presence of fluorides in high 
toxic quantities in certain areas, ospe(*ially 
North Nellore alid isolated places in (.kiddapah 
and Anantpur has also been noticed. 

Analysis of well water samples by the Govt. 
Agricultural Chemist [Pamiah, 1938-39] reveals 
a flourine content ranging from 0-,5 to 2 parts pe.r 
raillion in samples from the affected aiaais, a.iul 
a little or none from those of healthy ones. 
Table I shows the llnorine con bait of wa ter 
samples collected from various l\ahik;is in four 
endemic areas of tlu' Presidency : 
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'l’Ai;i-K .1 

Tilt' jlinii'liic fiinfi'nl of iiHtl.i'r liiimplus 


No. 

'faiukH 

Mdurati (content in samplo 

•[I’otal 

Nil Of 
(fa <'0 

Undof 
( ]).p.m. 

1 to .■{ Over 8 
p.p.ni. p.p.in. 



J 

Kumool, 

DistrirJ, 


1 

K-oilkiinlla 


28 


1 

oo 

2 

!Sirv<'l 


Kt 

8 

1 

19 

a 

{.■miihum 


7 

7 

.. 

14 

4 

Markapiir 

i 

2 

4 


7 

5 

•Dliono 

< i 

1 

1 


3 

a 

Kiu'uuof . 


8 

1 


9 

7 

Naiidyal . 


- 



2 



n. 

NeMore District 



.1 

Podili 


2 

12 

3 

17 

2 

Dorai 


1 

8 

7 

10 

a 

Kaiiigit'i . 



1 


1 

4 

rjiudur . j 



1 


1 



HI. AMiintajm 

r District 


1 

1 Anaiitapuf 

* ■ 

1 

1 

* ' 

1 2 

2 

1 Kalyatidrag 

1 

.1 

.. 

.. 

1 2 , 



IV 

Guntur Dwtr ht 



1 

Vinukonda 


1 

i 1 


2 


Total . 1 

8 

5!) 

70 

12 

149 


The table slum s ' 1 hat nearly HB per eeiit of 
Ihe affeeUal villages eeiita,iii one to three purls 
or more ol' Jluorine })er million. In one village! 
ot Nellorci disLriet tlu! stream water was J'ouncl 
to eonlaiu Ib-Bf) p. p. m. of fluorine. The analysis 
cjf wahir from certain ‘eurativ(!’ villages has 
revtiulecl a. floiirinc eouteiit less than 0*r) p. p. m. 

■Increased diuresis and pronounced pathologi- 
(ail ehang'(!S in kidiK!y suggested that the higli 
(.oneenlralion of tluoi'ine ingested with water 
luul some deliterious effeet on this organ when 
passed thrimgh nriiio, but twelve samples of 
urine sent for the detection of fluorine at the 
Imperial Veterinary Itesearch Institute, Izat- 
nagar, revealed iiotliing of significance. Samples. 
OL teetli fro]u tile affected animals were analysed 
at this Institute with the results (luoted below. 

The matoi'ial forwarded by you has been aiilysed for 
i/fioir fluorine eonionlv whieli appears to be somwhat 
bigbor iban that in no)'rnal. calves as reported by some 
'VVe.stern worker.s 

Kuild imesiigafions reveal that there might 
!){i se.veral factors, all exertasing their effects on 
ihe eiiology^ (Kjcurreiu't! aiai the progress of the 
(lis(!as(‘. Th(> endemic areas are known to be 
r(‘lat,i!(l to ('t'rtain type of rock formation im- 
pMvting fo Ihe soil, waler and the herbage a 


higher concentration of fluorine a,ud a state of 
unbalance with regard to Ca and T. Wiien the 
affected animals are removed to cLatain “cura- 
tive’’ villages where these soil and lierbage 
abnormalities do not exist, the.y develop fj'oedoiu 
from the disease. 

Although it is not unlikely that the animals 
in these localities suffer from a mild form of 
hypopiiosfdierosis, certain cpizoutological factors 
suggest tluit the c(nidiiiou described jji ihis 
paper may bo looked upoii as fluorine iutdxica.- 
tion. These are (1) spontaneous cure of clinical 
cases when removed to certain “curative” 
villages, where the soil, herbage and water con- 
tains a normal amount of fluorine, (2) the pre- 
sence of mottling and bi’own pigmentation toge- 
ther with the chipping tendency of enamel of 
teeth. This feature is characteristic of human 
fluorosis, (3) in cattle enKnotic areas of this 
disease in the Pi’csidency hunian beings are also 
known to suffer from skcleta] and dental 
abnormalities ns described by Hhrott et at 
[1937]. ■ 

Treatment 

Bo far any I'orui of treatment has not been 
haiiul effective in adva}R!ed cases of ihe disease 
altfiough (jases in early stage are amenable to 
treatment. Mention has already been made of 
('crlaiii “curative” villages where the general 
praciices are. f)aildy cultivation, irrigation from 
tanks and less ground-nut cultivation. Aidmnls, 
nlieii h-ikeii to these villages during early stage 
of the disease, show gradual improvement witli- 
oiit any treatment. ' ’Phis is attributed to a 
(!bange over from a brackish water t(i rain or 
soil water of these villages. 

(a) (Uirathe. During the year 1934-3;"), 
k'lalnijjin, in Hyderabad, treated some cases with 
stei’ilixed bone meals and ' reports encouraging 
results as no further cases occurred when lie 
visited the same tract again after five months. 
He advocated this treatment both as curative 
and preventive. In this Presidency, bone-meal 
was first tried in Joladarsi village of Koilkimtla 
Taluk in Knrnool district in the year 1934-35. 
The affected animals were given each one ounce 
of l)one-meal per day for six months and com- 
plete recovery was observed in two animals thus 
treated. On another occasion, seven animals in 
Cnddapah and thirteen in Knrnool district wore 
treated with bone-meal given in doses of two 
ounces dailv to each animal. As a result of this 
treatment in about two months from the admi- 
nistration of bone-meal, the animals in the early 
stage of the disease showed rapid iniprovemenf. 
In well-advanced coses with marked anatomical 
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abnormalities such as t)oi\y exostoses etb. the; pastures and the water, followed by iiphosplx 
bone-mearfeediug relieved them of acute symp- rosis and vitamin deiie-iency. 


toms like lanxeness and paiuiuL joiuts> bu.t had 
;i veiy little effect in reducing the exostoses., 
'the duration of the treatment is long and 
marked improvement is noticed after a course 
of treatment lasting from six months to one or 
two years. When the treatment with bone- 
meal is discontinued on finding iminovement in 
condition, there is a possibility of relapse, hence 
affected animals in enzootic areas require treat- 
ment as long as they live. 

(b) Pre-eentive. Prophylaetically the bone- 
meal may be recommended for supplementing 
the diet of cattle grazing on deficient pasture, 
as it would not only prevent the disease, but 
also improve the rate of growth of young stock. 
Moreover the bone-meal fed animals have got a 
tendency to maintain' the advantage during the 
seasons when the grazing is generally poor. 
The (Government Agricultural. Chemist recom- 
mends the addition of lime to the water of the 
wells in affected localities, as this process re- 
duces the fluorine content of the water. 

Summary 

1. This disease in cattle known as Voyo potlu 
locally, was first observed in Madras Presidency 
in 1934-36 in Kumool district. Since then its 
incidence has been known in certain villages of 
Nellore and Ouddapali districts around the hills, 
being related to- the condition of the soil, pasture, 
fqodstu:Ss and water and the nature of the pre- 
vailing agricultural practices. 

2. There is . no seasonal incidence. The 
disease runs a chronic course affecting 6 to 10 
per cent of cattle population in an enzootic area. 
One peculiarity about the disease is that while 
its incidence is heavy in one village, the neigh- 
bouring village may be free from it. 

3. The main etiological factor is the presence 
of fluorine in an abnormal amount in soil. 


4. The nuiiu feature of the disease is Ibe pre- 
sence of exostosis on the .ribs and trie joinl.s, 
and overgrowth and deformity of hoofs, ['h’iu-.- 
tures and ulcerations of arlicuhw luaids and a 
few bony proiuinenoes ai'o the ('barac'.ieristie 
lesions on post mortem examination. 

5, There is no (jomplete or successful 1rt'.a(- 
ment in advanced cases. 'In early stages Iroai- 
ment is only palliative. 
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Pbeviotjs experiments carried but by Macdonald 
and Bose [1943] demonstrated that a cereal 
ration containing 10-4 per cent protein gave 
poor egg production, even when supplemented 
with common salt and liberal amounts of green 
food and calcium. The addition of vegetable 
proteins, such as soya bean meal and earthnut 


meal, to the cereal r; if in ns laid n-) 
effect, but supplornonts of scp.-irafed mi 
meat offal on the oilier binul markedly ini 
egg production. In view of fhe import;' 
these results auotbei’ expi'i'inicnt nas di- 
to throw more light on several of her as])* 
the woik:. In this cxpnrirnmit uli flic 


.‘Is of 

birds 



A. J. Macbonald 24:3 


wore loci well uu luash} wiiereuB in ih& previous 
expo dii Kill I all tilt; groups, except that on meat 
ulial, vvuru led on dry masii. Uonipurisous were 
made betiWcicu sepuraUid milk and meat offal 
yupplemeiiiB (^iutestines of anmiiiis from the 
Slaughter .house) and low protein cereal diets 
with and without salt suppiemeuts. 

ItlXPEKIMUNTAn 

IS took. A total of 200 six to seven month old 
White Leghorn X lihode island Bed pidlets were 
divided into four comparable groups and fed on 
the experimental rations for a period of 280 
days. The groups were housed under similar 
conditions and had access to large grass runs. 
All the birds were trapnested throughout the 
experiment. 

k'oGcliny. The four groups were fed on mash 
and grain rations. The basal mash fed to all 
groups consisted of wheat bran 50 parts, yellow 
rnaix/O meal 00 parts and ground oats 20 parts. 
The grain ration consisted of a mixture of etiual 
parts of yellow cracked maize, wheat and paddy. 
Broken limestone and water were fed id 
libitum, together with liberal amounts of succu- 
lent green food. 

Group I (Basal Group) was fed the basal 
diet only. Group II (Salt Group) received the 
basal diet plus 1 per cent common salt in the 
mash. Group III (Milk Group) received the 
basal mash supplemented with 0*5 per cent 
common salt and approximately 5 oz. of sepa- 
rated milk per bird per day. Group IV (Meat 
offal Group) received the basal mash supple- 
mented with 1 per cent common salt and 1-2 oz. 
of meat off;il per bird per day. 

All four groups received wet mash according 
to ap])oiilo at 7-hO a.m. The amount fed varied 
according to appetite, the usual amount being 
about 1-2 oz. (d dry luasli per bird. The mash 
was fed ill a criuubly state, and the amount fed 
was limited to wluit the birds would readily 
consume in It) to 15 minutes. The wet mash for 
Groiip.s I and 11 was made up by adding water 
only. The luash for Group III w^as mixed with 
se});trated milk instead of water and the balance 
of the milk ration for the day was fed ad 
lihiiiim in u top-filling fountain. Group IV re- 
(;cived the mush mixed with meat offal. The 
UKuit offal required for the group was weighed 
out and cooked in a small quantity of water for 
a period of one hour. The offal was then run 
through a mincing machine and mixed with the 
mash. The; la'sidnal water from the cooking 
^^'as also mixed into the mash. 

About 0-5 oz. of grain per bird was fed to each 
of the groups at 10 a.m. Dry mash was also 


given in waste -proof hoppers from 12 noon until 
4 p.M. Grain according to appetite (approxi- 
mately oz. per bird) was given to each of the 
groups at 5 p.m. All the four groups received 
water to drink but Group IV aiso received the 
balance of their separated milk ration in drinking ■ 
vessels. In order to ensure a complete oon- j 
sumption of the milk, the water vessel was 
removed from the milk group at the time of f 
feeding the milk and replaced when the milk 
was finished. 

All the foods consumed were regularly 
analysed, and every effort was made to keep 
the protein percentages in Groups III and IV 
at a constant level. Over the whole experi- 
ment, the average percentage protein in the 
basal mash was 10’4. The corresponding figure 
for the grain mixture was 9*7 per cent. The j. 
separated milk contained 9*7 per cent dry matter 
and 3*5 per cent protein. The corresponding 
figures for the meat offal were 18*0 and 12*2. 

Egg production. Table I gives the average 
egg production per bird for each group for each 
period of four weeks and the average egg pro- 
duction per bird for the whole period. 

Table I 

Average egg production per bird 



Oroups 

Pei'iod 

I 

II 

in 

IV 

1. 10-7-42—6-8-42 

-■3.4 

8.7 

11.0 

9.8 

2. 7-8-42—3-9-42 . 

4.2 

8.7 

12.7 

10.7 

3. 4-9-42—1-10-42 

6.4 

5.9 

7.3 

4,8 

4. 2-10-42— 29-10-42 

‘ 6.4 

5.8 

10.0 

10.4 

o. 30-10-42—20-11-42 . 

6.6 

6.1 

11.1 

10.8 

6. 27-11-42—24-12-42 . 

5.2 

5.1 

10.7 

9.4 

7. 25-12-42— 2M-43 

6.8 

7.1 

10.9 

8.7 

8. 22-1-43—18-2-43 

10. 0 

8.3 

13.2 

12.0 

9. 19-2-43—18-3-43 

13.9 

12.6 ■ 

15,4 

14.4 

10. 19-3-43—16-4-43 

13.5 

12.2 

16.4 

14.2 

Total— 10-7-42— 15-4-43 . 

74.4 

80.6 

117.7 

105.2 


Group II laid somewhat better than Group 1 
during the first two periods but thereafter the 
egg production figures for these two groups were 
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very ymiihu' Inv tnicli iienod. The egg procluo- 
{ioii tignres lor (.Iroups 1.11 niicl IV were fairly 
fomijaruhle in all ])ei'i()(ls, except period 3 when 
the ])ro(luefcion in Group IV fell on account of 
moulting. Group 111 laid consistently better 
than Groups 1 and IL Group IV also laid 
better than Groups I and 11 in each period, 
except period o. The average egg production 
lignres for the 40 weeks were 74-4, 80'5, 117-7 
and 105'‘2 for Groups I, TI, III and IV respec- 
tively. . ; p 

Egg sjise. Table IT gives the average egg size 
of .each Group for each ]ioriod and the average 
egg .size .for the whole experiment. 

Table II 

Averaga agg sine (o^.) . 


Period 

Group 

t 

II 

m 

tv 

1. 10-7-42-~(i-8-42 

1-68 

1-72 

1 • 79 

1-75 

2. 7;8-42— 3-9-42 . 

1-81 

l-Sl 

1-90 

1*87 

.3. 4-9-42—1-10-42 

1-88 

■ 1*84 

1*91 

1-89 

4. 2-10-42—29.10.42 

1. • 94 

i-95 

2*02 

1*98- 

S. 30-10-42—26-11-42 . 

2-00 

1*98 

2*10 

2 -0.5 

6. 27-11-42—24-12-42 . 

2‘06 

2*04 

2-14 

i 

" 7 , 25-12-42—21-1.43 

2*13 

2*12 

2*17 

2-15 

8. 22 - 1 . 4 . 3 — 18-2-43 

2*15 

2-12 

2-19 

2*17 

9. 19-2-43—18-3.43 

2*09 

2*10 

2-19 

2*15 

10, 19-3-43—15-4-4;} 

2-02 

2- 0.7 

2-18 

2-0!) 

Average — 1 0-7-42 — 15-4-43 

2 • 00 

1-98 

2*06 

2 *04 

1 i 




The average egg size increased steadily in all 
groups during the hvst eiglit periods. There- 
after the egg size in Grou]) I, II and IV dec- 
reased considerably until the end of the experi- 
jnent. Group III rnaintahied its egg size better, 
and there was only a slight reduction in period 
10. The average egg size for Groups I and 11 
was consistently lower than in Groups III and 
TV. The egg size in Group ITT was also con- 
.«isteiitly slightly higher than in Group IV. 

Fond nvisueiptioH, Table ITT gives details 
of the average daily consimiptions of mash, 
grain, milk and meat offal, the total food con- 
sumption ])er bird ])er day and the amount of 
food con.suiued ])o.v pound of egg produced. 
Tlio average j)ei'opntago of ])roteiu consumed bv 
each group over the whole period is also re- 
corded. 


Production, 

Table 111 


Food eousumjiiiaii (lud >i.lili;i(iUo)i 



Group 

I 

11 

■ III 

IV 

Av. daily consumption of 
mash per bird (oz.). 

1*99 

2-01 

2*02 

2*03 

Av. daily consmnption of 
^ain per bird (oz.) 

1 • 96 

1-92 

1*94 

1- 9 

Av. daily consumption of 
milk per bird (oz.) 



o-lO 


Av. daily consumption of 
meat offal per bird (oz.) 




1*2 

..Av. daily food consmnptiou 
13oir bird (oz.)* 

3*95 

:}*93 

4*45 

4*17 

Percentage protein . 

10*0 

lo-u 

12*90 

i:}*o 

Lb. food consumption per 
lb. egg produced 

7*14 

6 *90 

5*14 

.5*44 


* Milk and meat offul iucludtxl ou a dry xnattor haHia. 

Over the whole pi-riod the avcu'age food c.on- 
sumption per bird in Group 111 w.a.s appreciably’ 
greuter than that in the. other groups. 'Tiie 
J‘o(jd c.onsmniition in Group IV was also grciater 
than that in Grou|)s I lUid 11. In Groups I and 
II the .average! pevc.entage of protein in the food 
consutned was lO-O. ulunaaas t;lu‘ corresponding 
tiguves for Gron])S HI and TV were 12’t) and 
13'0. hor every ixuind of food ])rodneed th(‘ 
food eonsumptiion in pomids in Groups 1-TV 
were 7-M, (bOO. ,V1 I and .7-14 rc'spt'ctiva'ly. 

I\'\irr,E IV 

Tfateliahillty results. 




Hroii 

ipa 


■ 

. 4 

1 ■ I 

IT 

•IT 

IV 

JTo. of eggs .SCI . 

.52.1 

..(4.1 

715 

B.(U 

Percoutago inf 0 rf,ilc 

I2'() 

13-:! 

14-7 

9-.1 

Percentage d<'ad germs (0 
fertile ogg,s 

12-6^ 

8-0 

7-.1 

17- ! 

Percontago dcad-iii-sficll Lt 
lei'fcllo ogg.s 

SM! 

<)•:? 

7*6 

.S-4 

Percentage lialcliability of 
fertile eggs 

78*8 

82-7 

H(*i) 

74 -.1 


A. J. Macdonald 

Hatohahilitij. VVliite Leghorn eoekerels 

Wca-e kept in eaeh <.r the, pens and were moved 
to cacli pen in rotation a,t wtuddy intervals. Lggs 
from eacdi group we.re std, every week tor a period 
of eight weeks in a foiv.ed-drauglit 
oubalor run at a, temperature of 1. 

Details of the haiehhig results are given m 

'''itJwl'f KHVU u sniri^wluit hiKluir iiereentoge 
of fertile eggs but lower hatcihability oi lertue 
e'^gs than the otlier three groups. 

Mortality. Thu guiieral health of the birds 
remained fairly good throughout, but “ 

tho birds moulted durmg periods three to seten. 

During tho course of tho <'fPf “'“‘i S 

maintained slightly hotter body weight th™ 
other three groups. The awerago body weight 
of the birds In Gronp 1-TV oner the whole ex- 
purimont showed an increase of J'S <>!=•. J ‘ 

U-H os. and 11-0 os. respectively. Over the 
period of 40 wcidcs tlic niortcdity percentages m 

Group l-iv were IB-O, 12.0, 80 and 8-0 
respectively. 

Discussion 

The results obtained are broadly in very close 
agreement with those a.lready reported by 
Macdonald and Bose [iO-lbJ and they prove that 
a supplement of common salt has little cir no 

buiielicial value in 1^"'^’ 
only 10 per oout total protoiii. 1 ns insult is 
solMWhat surprising in vimv of the kn™" 
of salt in cereal laying rations, but in tps parti 
oular instimco the protein conteiit *ke ’-aton 
was lower than normal and it is probaHe that 
the limiting factor in this case was defiemney ot 
protein and not defieieiiey of salt. 
more, during the whole experiment the feeding 
of liberal amounts of green food, which is a 
fairly good source of both sodium and chlorine, 
tended to make good the deficiency of salt m 
the cereal ration. 

The addition of separated milk and meat oifai 
had a very msirked influence on 
and somewhat improved egg size. Though tne 
milk ration over a period of 40 weeks gave 
slightly better c>gg produc.tion than the meat, 

. offal ration, the differenee in egg production was 
not signifleant. Both the separated milk and 
tlie meat offal rations gave significantly better 
eiTa prorlnction than the two low protein rations. 

There was no significant difference in egg size 
between Groups T and TT either for any period 
or over ilio whole experinumt. Both groups lU 
and TV produced significantly heavier eggs 
r tbari Groups T and TT for the wholejeriod and 
during most of tho ten periods. Though the 
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average egg size for Group 111 was somewhat 
greater than that of Groupj IV, it is not possible 
without further experimeutai work, to draw con- 
clusion in regard to tho significance of these 
differences. It is interesting to note that, with 
the onset of warmer weather in March and April 
(period 10), the egg size, fell very c;onsiderably 
in Groups 1, II and .iV, whereas the corres- 
ponding drop was very small in Group IH. During 
this period there was u marked reduction in food 
consumption in all the groups and th s probably 
was responsible for the lowering of the egg size. 
In the case of Group III, however, the drop in 
consumption had less effect on the birds pro- 
bably because they had been regularly con- 
suming greater amounts of food than the other 
groups. The average consumption per bird in 
Group III during period 1.0 was still as high 
as the average eonsuinption by the other groups 
prior to the drop in consumption. The birds 
in Group IV consumed somewhat more food 
than those in Groiijis T and TI but less than 
those in Group III. Despite the greater food 
consumption per bird, Groups ITT and IV made 
significantly better utilization of the food con-- 
sumed than Groups I and II. 


In order to test the suitability of the rations 
for breeders, incubation trials were carried out. 
Group IV, on the meat offal' diet, gave slightly 
higher fertility than the other three rations. 
The percentage of dead germs and the per- 
centage hatechability to fertile eggs in Group IV 
was significantly less than that for Groups II 
and Tit. Group I gave somewhat lower hatch- 
ahility than Groups 'll and III but better hatch-' 
ability than Group IV. 

Summary 

1. Under semi-intensive conditions, a cereal 
diet (protein content 10 per cent) in conjunction 
with liberal amounts of green food and calcium 
is unsatisfactory for laying fowls. 

2. Under semi-intensive conditions there ia 
no value in adding common salt to a low protein 
laying diet ■composed of cereals plus liberal 
amounts of green food and calcium. 

B. Separated milk is a very valuable protein 
supplement for laying and breeding birds. 

4. Meat offal is a good protein supplement for 
laying birds but gives lower hatchability than, a 
supplement of separated milk. 
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Technique of making sperm counts 

Artificial insemination comprises the intro- 
duction of spermatozoa into the female repro- 
ductive tract by means of instruments, so that 
direct contact between male and female 
ammais lor breeding is unnecessary. 

Tne modern metnod was hrst developed in 
Bussia, where it is now practised extensively in 
horse, cattle and sheep breeding, it has also 
been used with success in most European 
countries, and in the U.B.A,, the British Colo- 
nies and elsewhere. 

1, Possible applications of the practice in 
Cattle breeding in Great Britain 

In tins country artificial insemination has 
been practised only on a very limited scale. 
Nevertheless it has several possible applica- 
tions, which can be summarized under two 
headings — (a) Livestock Improvement; (6) 
Disease Control and, Increased Breeding 
Efficiency, ; ^ j 

(a) Livestook Improvem&nt. It is generally 
acknowledged that the milk yield of the" 
national herd could be considerably increased 
by the more widespread use of first-class bulls. 
The number of such bulls, particularly proven 
ones, capable of transmitting increased milking 
characters to their daughters is, however, 
limited. By the employment of artificial 
insemination it would be possible to increase 
considerably the services of such bulls. With 
proper organisation their services could be made 
available to a wide circle of dairy farmers who, 
chiefly for economic reasons, are at present 
denied such advantages. 

(b) Disease cont’^ol and increased breeding 
efficiency. Certain diseases of the genital 
organs are transmitted by coitus, e.g.^ Tricho- 
moniasis, infectious vaginitis, and, possibly, 
contagious abortion and certain forms of 


metritis. This hazard afiplioB within a herd but 
is greater wliere communal or inter-herd bulls 
are operating. Artilicial inseminatioii would 
eliminate the risk of spread of genital diseases 
by the bull, provided that the animal itself did 
not harbour any infectious disease which could 
be transmitted through coitus. In the case of 
bulls used by co-operative breeding societies, 
stringent veterinary examination would be 
necessary to minimize the risk of transmission 
of genital disease. 

Trichomoniasis is a condition which might be 
cited as an indication for artificial insemination 
as a measure of disease control. When the 
disease is well established in a herd, it is certain 
that the bull will harbour the infection and 
probably transmit it to clean animais during 
coitus. In the bull treatment is usually un- 
successful. To resume breeding in the herd 
without delay it will be necessary to introduce 
a clean bull, but if he is allowed to serve 
naturally there is a grave risk that he also will 
acquire the disease, for it is difficult to ascertain 
with certainty when a cow which has once been 
infected is free from the disease. 

The adoption of artificial insemination will 
ensure that the clean bull is protected from 
infection and thus the continued dissemination 
of the disease will cease. 

Artificial insemination may also be utilized to 
overcome difficulties in successful breeding 
caused by some deformities and abnormalities in 
the genital tract of the cow, which prevent the 
nonnal passage of spermatozoa. 

The artificial collection of semen provides a 
means whereby a specimen suitable for micros- 
copical and other forms of examination can be 
obtained, and thus a check on the fertility of 
the animal can be kept. This cannot be done 
with such accuracy where natural, service is in 


2. The artificial vagina (A.V.): 

TION OP THE APPARATUS 




D'ESCRIP- 


Various methods of collecting semen have 
been used, but it is now generally aecepted 
that the most satisfactory is the artificial 
vagina. By adopting it, the whole ejaculate 


* Beproduced from the N. V. M. A. Publications 
No. 11» Artificial Insemination of Cattle, published by ' 
The National Veterinary Medical Association of Great 
Britain and Ireland. 


free from vaginal secretions and uncontamina- 
ted by extraneous matter”, can be expeditiously 
collected. 

The liussian model A.V. consists of a hard 
rubber cylinder, about 24 inches long, _ into 
which is fitted a soft rubber tube or lining, 
slightly thicker than the inner tube of a bicycle 
tyre. The ends of the soft tube are turned 
back on the ends of the outer hard tube and 
iixed in position by binding with half -inch cotton 
tape. The outer tube has a hole, fitted with 
a screw stopper, through which water can be 
poured into the space between the _ outer and 
inner tubes, the amount of water being adjusted 
to give the correct tension on the inner Iming. 

A glass cup with a graduated stem fits into one 
end of the A.V. and forms a receptacle for the 
semen. In assembling the apparatus care must 
be taken to ensure that this cup is firmly 
secured, otherwise it may be dislodged when the 
bull thrusts into the vagina. This is especially 
liable to happen if there is too much water iu 
the A.V. 

When assembling the apparatus care must be 
taken to ensure that the inner lining and all 
glassware are kept clean and dry. Before hand- 
ling the apparatus, the operator’s hands should 
also be clean and dry, and without trace of soap 
or disinfectant. , , . 

Bor filling the A.V., water is heated to about 
70'* 0. (160“ B.) in winter and 60“ C. (140“ B.) 
in Burnmer, and then poured into the space be- 
tween the rubber liner and the cylinder. 
Estimation of the correct degree of tension in 
the apparatus is a matter of experience, but in 
most oases this will be attained by laying the 
A.Y. horizontal and pouring water through the 
filling-iiole until the water is on the point of 
overflowing. Insert the stopper and thoroughly 
dry all parts of the apparatus with a clean cloth. 
With a clean glass rod, smear a thin coat of 
vaseline over the whole surface of the iimer 
lining. Excessive vaseline should not be used 
as it may run down into the collecting cup and 
contaminate the semen. 

Insert a clean dry clinical thermometer into 
the open end of the A.V. and leave it in position 
while the glass cup is being secured. At the 
time of use, the temperature in the lumen 
should not be more than 45 “C. (112“ P.) nor less 
than 42“ 0. (108“ F.). As there is always some 
delay between preparation of the apparatus and 
collection, allowance has to be made for a slight 
fall in temperature during this interval. This 
will be greater in winter than in siim:^er. The 
A.V. may be insulated to prevent heat loss in 
cold weather by enclosing it ip a felt or cloth 
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jacket. If the temperature in it is allowed to 
fall below body heat, a few drops of urine may 
be expelled, and ejaculation may not take place. 

3. The technique of semen collection 
(a) Place for collection — Assistance required. 
The collection should be made in a yard or field 
with a level surface and a good foothold. 
Concrete yards are not suitable owing to the 
danger that the operator or the animals will 
slip. It is an advantage if the same yard is 
used for all services and collections so that the 
bull becomes accustomed to the surround- 
ings and, when led into the yard, anticipates 
service. In any case the work should only be 
done where there is ample space for the operator 
and his assistants to move well clear should the 
cow turn. If the operation is carried out in a 
confined place there is a risk that they will 
be crushed, or the apparatus broken. 

Bulls are handled as for controlled natural 
matings and should be restrained by a pole 
attached to the nose-ring. The preputial hairs 
are usually very dirty and should be washed 
with warm water otherwise the dirt may get 
into the A.V. and contaminate the semen. 
The washing and thorough drying of the pre- 
putial hairs should be done before the bull is 
led out of his box. 

The cow used for collection should, if possible, 
be one in oestrus, and an old cow will usually 
stand better than a heifer. Often, however, an 
old quiet cow will stand and allow the bull to 
mount, even though she is not oestrus ; such 
an animal will prove useful if it is desired to 
make a collection when there is no cow in heat 
available. The cow should be haltered and 
loosely tied up. 

Three persons are required, in addition to' the 
operator: one to lead the bull, and one on each 
side of the cow to prevent her swinging round 
when the bull mounts. 

On some farms service crates are used for 
ordinary matings but these are usually of a 
design which is unsuitable for artificial collec- 
tion; it may, however, be possible to modify 
existing crates so that they are suitable for this 
purpose. Edwards and Walton (1938) have 
described a special service crate for facilitating 
collection and which may be used with a cow 
not on heat. These are unnecessary in the 
ordinary way, but they would prove of great 
value when a large number of collections have 
’to be made at one centre. 

(b) Golleciion of semen. When ready to 
make the collection the hull is led directly 
behind the cow. The operator follows the bull 
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on the right side, holding the A.V. mouth 
downwiu’ds in his right hand. As the bull 
mounts the A.V. ig held behiud his foreleg, 
against the oow’s ilauk, at an angle of 45” with 
the rnouth pointing towards the bull’s ’ penis. 
The penis is directed into the A.V. by the 
operator holding the sheath with his left hand. 
It is better not to touch the penis itself with 
the hand as this may cause the bull to retract 
ttfid dismount. As soon as the penis comes. into 
contact with the warm libricated inner surface 
of the A.V. the bull thrusts vigorously upwards 
and ejaculates. The A.V. should' then he 
turned with the cup downwards to allow the 
semen to run into the cup. If the bull has not 
been used for some time, it is best to make a 
second collection in a fresh cup and to use this 
semen for insemination, discarding the first 
collection. In such a case, the first sample 
usually contains a large percentage of old 
imraotile or abnormal spermatozoa which have- 
been matured for a considerable time in the 
epididymes. Also, if the quantity of the ejacu- 
late is small, a second collection should be made 
immediately after the first. 

For ejaculation to occur, it is necessary that 
the animal shall thrust vigorously into the 
A.V. Sometimes a bull will introduce ‘his 
penis into the apparatus several times witli-out 
ejaculating, and several e.c. of a slightly 
eloud.y and watery secretion will accumulate in 
the collecting cup. It comprises chiefly secre- 
tion from- the seminal vesicles and should be 
discarded. It is probable that conditions in 
the lumen of the A.V. — either temperature, 
pressure or lubrication — are incorrect. 

After collection the semen should be protect- 
ed from too sudden cooling in cold weather. 
It must not be exposed to strong sunlight, 
which quickly destroys spermatozoa. In the 
absence of special storage conditions semen is 
best used for insemination as soon as possible 
after collection, and it is recommended that it 
should not be kept longer than three hours. 

4 . Tub examination of semen 

Bata published by numerous workers ex- 
perienced in large-scale artificial breeding work 
in the U.S.S.R. and in the U.S.A. show that 
■ great variations exist in the quantity and quality 
of the semen obtained from different bulls. 
There is also considerable evidence of variation 
in the quantity and quality of the semen ob- 
tained from the same bull at different, 
times. A hnowled^ge of such variations and 
the ahiliiij to detent inferior samples is g matter 


of prime importance in the successful conduct 
of artificial insemination. Consequeutly the 
semen of every bull sbould bo carefully exa- 
mined before it is used for insemination. 

The following routine of examination is 
recommended as being pi’acticial under field 
conditions:* 

(i) Volume of the ejac-ulalie. 

(ii) Colour and density of the semen. 

(iii) Motilitv of the si)crniatozoa. 

(iv) Detection of extraneous matter. 

, The best single index of fertility or otherwise 
is the motility of the sperm, when examined 
immediately after collection. It is emp.hasized, 
however, that in assessing the potential fertility 
of a sample of semen all available criteria 
should be taken into consideration. 

Volume of the Ejaculate. This may be con- 
veniently measured in the graduated glass stem 
of the “Cambridge” pattern collecting cup. 

The volume of the ejaculate obtained from 
diffei*ent bulls may vary within fairly wide 
limits. The average, however, may be taken 
as between 8 c.c. and 5 e.c. when the semen is 
collected, by the artificial vagina method. In 
general, mature bulls produce a greater volume 
of semen than young bulls which usually give 
to c.c. Often a bull will ejaculate a small 
quantity only at the first thrust, but a larger 
one at the second, taken immediately after- 
wards. 

Colour and density of the semen. These 
characters can be determined by submitting the 
sample to a macroscopical examination in good 
daylight; the examination should not be carried 
out in strong sunlight. 

The normal ejaculate of the bull is an 
opaque, white or yellowish -white fluid with a 
milky or creamy appearance. The greater the 
concentration of spermatozoa, the whiter the 
fluid. Clear watery semen, sometimes of hgbt 
yellow colour, contains few spermatozoa. 
Occasionally a bull of normal fertility produces 
this latter type of ejaculate and. when such a 
sample is obtained from any animal, it is 
essential that a second collection be made : in 
the fertile bull this second sample should be of 
normal colour and density. 

A decided yellowish or greenish colour may 
indicate the presence of pus. A dark yellow or 
brownish discoloration usually indicates the 


* In addition to +'he examination outlined here. _ the 
number of sp«rraa<-o7oa per unit volume of semen is of 
the greatest importance in assessing fertility. This part 
of the examination is best ea^rted nut in the laboratory.. 
For details, spe Addendum. 


' presence of urine which, ma'y often be detected 
also by smell. A pinkish or reddish colour 
indicates an admixture of fresh blood, while a 
deep reddish-brown colouration probably indi- 
cates the presence of decomposed blood. 

Specimens showing abnormal colour or 
marked deficiency in density should not be used 
for insemination. 

' ,/ Examination for Motility. A satisfactory ex- 
, f amination for motility can be made by placing 
a drop of semen from a well-mixed sample on a 
slide and placing a cover slip on it. For 
routine examinations f and ^ objective lens are 
required. 

In examinations for motility, the following 
precautions must be observed: (a) examination 
should be carried out as soon as possible after 
collection of semen; (fa) care should be taken 
that it is not exposed to a sudden temperature 
fall between colieotion and examination; (c) the 
sample should be mixed well before taking the 
, drop for examination ; and (d) examination 

f"'- should be made in a warm room. 

’Warming syermatoaoa. When examining 
smears of. sperm for motility immediately after 
collection in cold weather, cooling takes place 
so rapidly while handling it that often all the 
spermatozoa appear motionless when examined. 

I Under these conditions it is advisable to hold 

i a lighted match under the slide to warm the 

; ’ spermatozoa sufficiently to make them actively 

motile, care being taken not to overheat and 
f kill them. 

Types of 'motility. According to Walton 
[1933], three types of motility may be 
recognized;'-—' 

(i) A progressive motion in which the sper- 
matozoon usually moves in a straight line. 

(ii) A rotary motion in which the movement 
is around the periphery of . a circle whose dia- 
meter nsually does not exceed the length of the 
individual spermatozoon. 

(iii) An oscillatory motion which consists of 
a. series of convulsive motions without change 
of place, 

Walton considers that a spermatozoon must 
A possess progressive motion if it is to meet and 
, "■ fertilize the ovum. 

f No very satisfactory method of classifying 

tnotality has yet been devised, but the following 
system, introduced by Bussian workers, 
appears to be adequate for practical purposes, 
i It is based on a discrimination between the 

y. v^-rious types ol motility and the proportion of 
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spermatozoa exhibiting the respective types. j 

Thus : the highest rating, indicated by the figure \ 

5, indicates that all or nearly all exhibit ener- } 

getic progressive, motion; 4, the majority of the | 

sperm have progressive motion; 3, there are 
about equal proportions of sperm exhibiting 
progressive, motion and oscillatory motion or 
are immotile; 2, oscillatory motion, with a large 
number immotile; 1, immotile; and 0, comp- 
lete absence of spermatozoa. 

Adopting the above ratings, it may be taken 
that bulls giving specimens classed as 5 or 4 are 
probably of normal fertility; samples classed as 
3 indicate bulls of low fertility; while those 
having ratings of 2, l or 0 are sterile. 

, The same classification may be applied for 
evaluating the potential fertility of semen after 
storage. J! 

Detection of ’Extraneous Matter. Gross con- 
tamination of a semen sample with dirt from 
the region of the prepuce will be recognized on 
macroscopical examination. Brown muddy 
discoloration is evidence of this type of conta- 
mination. 

Examination for cells may be done after 
suitable staining, but for reliable bacteriological 
examination, sample are best sent to a 
laboratory. 

5. Technique of insemination 

Semen can be, and often is, used im.mediately 
after collection. If it is to Jbe stored or trans- I 
ported to a distance, it requires special treafi^ 
ment (see section dealing with Storage and 
Transport). | 

Insemination should be carried out while the ' 
cow is in oestrus or within about eight hours ; 

after its cessation. If the cow is an uncertain | 

breeder it is recommended that she be insemi- : 

nated as late as possible in the day in which she s 

is first observed to be in heat, and again the 
following morning. This will entail keeping 
semen overnight under suitable storage condi- 
tions Or collecting afresh. 

The cow for insemination should be secured > 
in a stall with, if possible, a good light directly 
behind her. The lips of the vulva and surround- 
ing area should be thoroughly washed, using a 
soft brush and warm water. No disinfectant or 
soap should be used owing to the risk of con- 
taminating and so destroying the sperai, A 
suitable speculum (Bussian or tubular patterns) 
is inserted into the vagina and held in position 
with the left hand. For heifers, a smaller type 
speculum is necessary. The vagina is illuminat- 
ed with the light from a head lamp or by a 
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torch held by an assistant. (Several specula 
are now avahable in winch the light is incorpo- 
rated in the inytrinneiit). Holding the insemi- 
nating syringe in the right hand, the nozzle : is 
introduced a small distance into the cervical 
canal and a quantity of 0.5 to 1 c.c. of semen 
is deposited directly into the lumen of the 
cervix, if the sperm is not req[iured for other 
cows, more than 1 c.c. may be used. The 
syringe and speculum are withdrawn^ and if the 
cow strains, her back is pinched for a few 
minutes. 

There are various patterns of insemination 
syringes and catheters, but whichever type is 
used, it is essential that metal, which is delete- 
rious to spermatozoa, shall not come into con- 
tact with the semen. A useful, easily made 
instrument can be constructed from a 20-inch 
length of fine-bore glass tube. This should 
have rounded ends to prevent any possibility of 
damage to the cervix, etc. The glass tube is 
attached to a 2 c.c. all-glass syringe by a short 
length of rubber tubing (Fig. 1) or a rubber bulb 

Pre.ssiire Tubing 

/ 


Artificial Imemiwxtion in Qattle 

; An alternative method of insemination has 
been recently introduced in which the semen is 
placed in gelatine capsules which have been 
coated with paraffin wax. Iffie capsules can be 
inserted into the cervix by mo;ms of a capsule 
“gun” designed for this purpose, or by hand. 
When the hand is used, liiiuid paraffin should 
be used for lubrication. This method is still 
under investigation and it is not possible to 
recommend it at present. 


/ 


2 0.0. All Glass Syringe 
Pig. 1 

may be used instead. When using the insemi- 
nator shown in Fig. 1 the amount of semen 
required for use in each cow, 0-5 to 1 c.c., is 
taken up in the glass nozzle and no sperm 
comes in contact with the 2 c.c. syringe. This 
facilitates cleaning and sterilizing of insemi- 
nator, as only the glass tubes need to be steri- 
lized by heat and dried before use, and several 
of these can be carried, a clean one being used 
for each insemination. This type of insemi- 
nator can also be used without a speculum. 

The cervix is grasped by one hand per rectum 
and the glass nozzle of the inseminator intro- 
duced into the vagina, and thence through the 
first or second ring of the cervix, where . the 
semen is deposited. 

A 2 c.c. syringe is the most suitable, 5 c.c. 
and 10 c.c. syringes being too heavy for use. 
The pres.sure tubing should be pushed up over 
the whole diameter of the 2 c.c, syringe, as 
shown in Fig. 1, as this gives extra rigidity and 
saves repeated breakages, ' 


6. The storage and transport op semen 

(а) For use within three hours. The precau- 
tions to be taken are relatively simple. The 
semen is transferred to a small, clean, dry test- 
tube. In warm, summer weather, no special 
temperature precautions are necessary. in 
cold, winter weather, the semen must be pro- 
tected from a sudden fall in temperature; this 
may bo done by placing the test tube in a waist- 
coat pocket or by wrapping it in cotton wool and 
placing it under the dashboard of a motor car, 
etc. At all times it should be protected from 
bright light and must never be exposed to direct 
sunlight. 

(б) For use at an interval greater than three 
hours. It has been established that cooling is 
the best method of preserving semen. Sper- 
matozoa normally live only a comparatively 
short time at body temperature, and room tem- 
perature (20° to 21° 0) has likewise been found 
too high for successful prolonged storage. 
Most workers are agreed that the longest viabi- 
lity of spermatozoa is secured at a storage 
temperature of about 5° to 10° C. (40° to 50" F."). 
In the cooling of semen for storage and its sub- 
sequent warming for use, it is essential that the 
change of temperature shall be gradual, or the 
sperm will die from temperature shock. 

_The semen is transferred, using a Pasteur 
pipette, from the collecting cup to a 5 c.c. 
P,yrex storage tube. The tube is then filled 
with liquid paraffin to exclude access of oxygen 
to the semen. The tube is corked with a rubber 
or freshly waxed cork stopper. 

The tube is wrapped in cotton wool and 
placed in a tightly stoppered, flat-bottomed con- 
tainer tube, which is immersed for about SO 
mnutesffin water gradually cooled to about 
10 G. by adding ice. Finally, the tubes are 
transferred to a refrigerator or to a thermos food 
jar or flask containing shipped ice at .5° in 10° C. 
(Fig, 2). Stored in this way, sperm of initially 
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FiCf . 2. — Showing methodjof packing semen for storage ai^d 
transport. 


good quality will retain its motility with little 
loss of fertilizing capacity for at least 48 hours. 
For transportation, the thermos flask is pla,ced 
in a wooden box with hay or straw as packing. 

When the stored semen is required for use, 
i;he tubes are removed from the refrigerator or 
thermos and allowed to stand for 30 minutes at 
room temperature [20® to 21° G. (68° to 70“ F.)] . 
It should be noted that at this stage the tube 
conf,aining the semen is still insulated by its 
cotton wool wrapping. This prevents too rapid 
a rise in the temperature of the semen. A 
pipette Or the inseminator is inserted through 
the liquid paraffin and the semen withdrawn. 


’. Note on the viability of spekmatozoa in 

STORAGE 

There is great variation in the viabilitiy of 
perm samples in storage from different bulls and 
ilso from the same bull at different times, 
rhe best indication of high quality semen and 
its suitability for storage is good motility imrae- 
iiately after collection. (See section dealing 
with the examination of semen.) _ 

Yarious workers have reported successful in- 
semination with semen which has been stopv 
for a considerable period. Eecent y, fertiliza- 
tion has been reported with a sample stored foi 
198 hours. Ik is emphasized, however, that the 
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advisability of using semen stored for long 
periods is questionable in view of the low ratio 
pregnancies which results therefrom. 

The practical limits of storage for semen are 
24: to 48 hours; and, provided the semen shows 
good motility at the time of insemination, the 
rate of oonoeytion should approximate to that 
of normal service. 

8. Dilution of' semen 

It is emphasized that dilution of semen should 
be avoided except when it is necessary to in- 
seminate a large number of animals from a 
single ejaculate, as, for example, in large-scale 
artificial insemination schemes. The undiluted 
ejaculate can generally be utilized for the in- 
semination of about three to five cows. The 
addition of a suitable diluent increases the 
number of cows which may be inseminated from 
one ejaculate to about ten. 

Special diluting solutions ready for use can 
be purchased from firms specializing in the 
supply of apparatus for artificial insemination. 

9. Notes on the clearing of apparatus. 

Artifioial Vagina. Before use, new inner 

timings should be turned inside out and 
linings should be turned inside out and 
washing soda has been added. 

They should then be rinsed thoroughly in run- 
ning water to remove all trace of soda and then 
hung up to dry. 

After use, the vaseline which is used as a 
lubricant must be removed as soon as possible 
otherwise it tends to ‘perish’ the rubber. To 
do this, place A.V, in a bucket containing hot 
water and washing soda; then with a bottle 
brush (24 inches long) thoroughly cleanse the 
inside of the liner. Binse in water and then 
swab the liner with a piece of cotton wool or 
rag soaked in 65 per cent, alcohol; the swab is 
held in an 18-mch swab-holder. 

Syringes collecting cups, etc. Wash all 
giassw'are, new and after use, first in cold 
water, then in hot water and washing soda. 
Einse in running water, followed by 65 per cent 
alcohol. Allow to become thoroughly dry before 
use by standing on blotting paper or by placing 
on a warm oven or hot tank. 

When not in use all the apparatus should be 
protected from dust. 

10. List of .\pparatus and instruments 

The following is a list of the minimum appa- 
ratus required in connection with artificial in- 
semination work. For particulars of prices, the 
usual firms supplying veterinary instruments 
should be consulted: 


For Collection of semen. One A.V. complete 
with inner liner and collecting cup; two spare 
liners; three spare collecting cups. 

For Injection of semen. One insemination 
syringe with spare parts (various patterns). 
Alternatively, capsules and gun. Speculum; 
torch or headlamp. 

For storage and transport of semen. One 
dozen Pyrex glass sperm storage tubes (5 c.c.). 
One dozen glass containers with flat bottom to 
take the storage tubes. One thermos food jar 
or flask. One wooden box to hold thermos if 
this is to be sent by rail etc. 

For cleaning the apparatus. One bottle brush 
(24 inches) ; 1 swab holder (18 inches). Small 
bottle brush for cleaning sperm tubes. 
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AD.DENI>UM 
Technique o£ making sperm counts 

To estimate the number of spermatozoa in a unit 
volume of semen the latter must be suitably diluted 
as that individual spermatozoa may be counted in a 
cytometer. The Fuchs-Bosenthal and Thoma-Zeiss 
types are suitable. 

A. Using the Puchs-Rosenthal Cytometer 
Itl is necessary to make a preliminary examination 
under a 2/3 objective to estimate a .suitable dilution of 
the sperm to simplify the counting. 

The E'uchs-Ro.senthai cytometer is graduated so that 
the depth of the counting chamber is O' 2 mm. and the 
area of each small square 1/16 sq. mm. 

The sample of semen is well mixed, O-l c.c. of semen 
withdrawn with a fine-bore pipette and added to 9-9 c.c. 
of normal saline and the resulting .suspension well 
mixed. This give.? a dilution of 1 in 100. 

For accuracy, it is advisable to have only about five 
spermatozoa to count in each small square in the 
cytometer. 

This usually necessitates a final dilution of' 1 in 800 
to 1 in 1,600. The further dilutions are made in 
multiples of eight, to simplify the final calculatioTi of 
density per cu. mm. 

To convert the 1 in 100 .sii.s))cnsion.s to 1 in 8(X), take 
1 c.c. of the 1 in 100 and add 7 c.c. of nonna.l .saline. 
At each stage in dilution, the su.sporisioTis must be 'vv**!! 
mixed. The coverslip is placed in jjosition on thci cyto- 
meter and a drop of the diluted semen is introduced 
with a pipette under the cover, slip and allowed to run 
in so that it just fills the counting chamber. 
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The cytometer is then allowed to stand_ for five 
minntcs to allow the sporiu to settle in position. At 
this <lilutjon, in cold normal saline, they rapidly become 
imniotile. 

dhie wjiint is made under a 1/6 objective and a 
mechanical statue, greatly I'acilitato.s the work. 

Tf the dilution "is about righi, (approximately five 
.sjK'i'm per small scjiiaro), an accura,te estimate is obtain- 
ed )>y counting the number ol' sj anauatozoa in throe 
rows of 16 small .sfiuarea, one in the iniddJe, and one 
at eacdi end 'of tlic: cytometer, and tiiking the average 
in 16 .small stpiares. 

As the, volume of each small square is 1/80 cu. mm,, 
the number of spermatozoa per cu. mm. of the semen 
may be calculated from the following equation, v/here 
—’mean number of spermatozoa in 16 small squares, 
d = dilution: 

80;b X fl! 

No. of sperm cu. mm, 

16 

„ „ c. o. = 5,00()da; 

R. ns'iNrj”TJfF, ''IhioM/v-ZEtHS Hae.tviocytomkteu 

A dilution of 1 in 200 is suitable. The dilution is 
made a.s. follows : I'hoi'oughly mix the semen. Then 
with the I’homa-Zeia.s ]/ipefte, draw .semen, previously 
well mi.xod, up to the 0-5 mark. (As the ha<-kgro«nd 
of the capillary tube i.s white it will be difficult to 
observe tlu‘ semen. 'I'liis c.au be overcome by viewing, 
it from a little to mu! side.) The ))ipeite_ end is then 
introduced into normal saliiio and suction applied 
until the diluting fluid i.s drawn up to the 101 mark. 
No air mu.st enter the jiipcfto during thesi' ojieratipns. 
The mixture, is thou .shaken well in tlie l)iill). A little 
of the fluid is docardod fo ensure that tiie drop msed 
for the count comes from the jiipette Imlh. A single 
drop is placed 'on the. central, rnh-d area of the count- 
ing slide. It is inifiorlant that flie size of the drop 
shall ho sucli that there are no air buhhlc.s present when 
the cover slip is ajiplied and also that none of the 
fluid run.s into the channel surrounding tlie niled area. 
Witli a little practice this is not difficnlt. The ruled 
area comprises 16 largo squares, each divided into 16 
small one.s. The volume of each small square, each 
cover-slip is applied, is 1 /4.000th cu. mm. 

The number of spermatozoa in 100 small squares is 
counted (six large squares plus four .small ones) msing 


the l/6th objective. Of those spermatozoa crossing the 
lines bounding the squares, only those lying on two 
sides should be included, so that none is counted 
twice. In good samples the number in each large 
square will vary from 15 to 25. 

The calculation is as follows : , a* being the number 
of spermatozoa in 100 small squares, and the dilution 
being 1 in 200. 

No. of spermatozoa per eu. mm. = — — 
== 8,000a 

The number of abnormal spermatozoa may bo estima- 
ted at the same time. These appear in all samples of 
semen and from animals of all grades of fertility, and 
it is extremely doubtful whether the percentage of 
abnormals is of any value in semen evaluation if the 
total numbers of normal spermatozoa ai'e sufficiently 
high. 

■ For good fertility, the density should be 700,000 per 
cu.mm, or higher; frequently, samples from some bulls 
contain up to 1,600,000 .spermatozoa per cu.mm. 

*- » * ^ 
NOTE 

Certain Breed Societie.s have drawn up rules govern- 
ing the artificial insomiiiatiun of })edigrce cows; in view 
of the temporai'y nature of .some of these rules, any 
veterinary .surgeon wishing lo cany out ai'tilicial inse- 
mination of pedigree cows should obtain from tlie 
iSeeretaiy of the Breed Society concerned a copy of tlie 
current regukitions. The nanies and addresses of those 
Soeietie.s which already luive regulations ai’o as fol- 
low.s 

Ayr.shir-e Cattle .Herd Book Society, • 

58f Alloway Street, Ayr, 
British Friesian Cattle Society, 

Aldwych House, AhBvych, London, W.0.2, 
English Jei'sey Cattle Society, » 

51, Hillcrest Gardens, Esher, Surrey. 
English Guernsey Cattle Society, 

Clevedon, Wokingham, Berios. 
Shorthorn Cattle Society, 

Westfield, Medmenham, Great Marlow, Bucks. 


GENETICS OF VIRUSES PATHOGENIC TO ANIMALS* 

By E. A. Watson, Science Service, Department of Agriculture, Ottawa, Ontario, Canada 


I'lre question: ‘ What is a virus?’, is a familiar 
one, frequently put and still awaiting answer. 
Are viruses living or dead, animate, in- 
animate, particulate, biological or biochemi- 
cal elements, agents, transmitters, enzymes, 
■fernicnts, catalysts, or what? Without know- 
ing what a virus truly is, considerable know- 
Ic'dge regarding the ])ro])e.rties and characteristics 
of some of the viruses has been gained. It can 
be said that a virus is a filterable, infective 
agent, invisible under the microscope; hence the 


term ultramicroscopic, filterable viruses. "Fil- 
terable” can have only a relative sense and 
meaning, being dependent upon the nature of 
the filter and its density, the physical proper- 
ties of the fluid material, electric charges, and 
other factors. Moreover, some micro-organi- 
sms have filterable phases or forms in their 
life cycles. The belief that viruses are living 
agents rests mainly on the fact that they are 
capable of multiplication and adaptation in 
the living body and, in vitro, in the presence 


*(Boprintfid from Publication No. 12 of ths American Asspeiatiqn for the Advancement of Science, pages 18 — 31) 
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of living cells. Some viruses are infective for 
susceptible animals in very Mgli 'dilutions. 
They are titratable and the minimum infeot- 
ivo dose can be determined by tests on suit- 
able laboratory animals according to standard- 
ized teebniciue. When an animal or a living 
chick embryo is infected with 1 to 10 minimal 
doses, with ensuing fatal results, it. is found 
that the virus has reproduced itself in relatively 
enormous quantities, a small fragment of 
tissue yielding billions of infective doses. 
Perpetuation of the virus and ife multiph'ca- 
tion at each successive animal passage can he 
carried forward at will for unnumbered genera- 
tions or passages. Animals which have re- 
covered from a virus disease or which have 
survived experimental infection with a virus 
of modified or attenu.ated activity are more or 
less immune to subsequent infection with the 
same virus. In such cases the serum may 
contain antiviral bodies capable of neutralizing 
' the activity of the corresponding virus in vivo 
and in vitro. A striking featui’e of many of 
the viruses is their power of adaptation to 
foreign hosts and changed environment. Evi- 
’ dence, so briefly indicated in the foregoing, of 
reproduction, multiplication, adaptation and 
the development of anti-viral bodies and 
immuno-biologieal reactions — corresponding to 
similar evidence in respect to living bacteria — 
forms the basis of belief in the living nature 
. and particulate state of viruses from animal 
sources. But no virus from such sources has 
-yet been obtained in a pure state or dissociat- 
ed from its co-existence with and dependency 
upon the complex proteins and molecules of 
living tissue cells, tlntil that has come about 
bv cultivation in artificial media in t.be absence 
of living matter • and more exact criteria are 
available for determining the size structure and 
physical properties of viruses, their origin, 
nature and mode of development lie in obscurity 
and are open to doubt and question, and to 
new ideas and conceptions. 

Certain virus diseases are associated with 
the formation of bodies generally referred to 
"as cell inclusions, or virus bodies, occurring in 
■ the cell cytoplasm or in the cell nucleus or in 
both cytoplasm and nucleus. They are :nore 
or less pleomorphic, of various kinds and types, 
differently situated within the cell and pecu- 
liar to certain typos of cell. Among the best 
known examples there may be mentioned fl) 
negri bodies, occurring within the ganglion 
cells of the brain, particularly in Ammon’s 
horn, of animals affected with rabies; (2) 
-G-uarnieri. bodies, within the epidermal . cells ' in 


vaccinia and sheep pox; and (3) 
Bollinger bodies, within the epidermal cells of 
lesions of fowl pox. The nature, significance 
and relationship of these and other like inclu- 
sion bodies to tlie specific virus with which they 
are associated is a much, discussed question. 
Their })r(^seiice or alisence may be of much 
diagnostic importance, tiome authorities are 
inclined to believe that the inclusioii bodies and 
the virus are one and the same, or that the 
inclusions are bodies which produce the virus. 
Others view the inclusions as degeneration 
products of cells attacked by virus. They are 
not to be observed in all virus diseases but, in 
fact, only in the minority. They are found 
mostly in association with neurotropic and 
dermotfopic viruses; and but rarely and doubt- 
fully in typical septioaemic and viscerotropic 
virus diseases. 

Selective affinity for one of the body tissues 
of its host is a striking chai'acteristic of cerraiii 
viruses as, for example, tlie neiirotropie viruses - 
of rabies, equine encephalomyelitis and loup- 
ing-ill of sheep, and the dermotropio viruses nf 
pox diseases. In these the viruses appear to 
multiply only in the tissues attacked: the 
brain and '^spinal cord, the skin and mucous 
membranes, according to the selective affin- 
ities of the respective viruses. On the < ther 
hand, in the virus diseases that occur as acute 
generalized, infections, such as hogcliolera, 
South African horse-sickness, infectious eqiiine 
anaemia, distemper and influenza, the causat- 
ive viruses multiply in the circulating blood 
and viscera and are there found in gi:eatest £ 
concentration. 

There do not appear to be any significant 
differences between virus and bacterial diseases 
in the manner of their occurrence, and their 
wide range and variability in respect to conta- 
giousness, infectivity, points of attack, clinical 
manifestations, selectivity and immunity. As 
regards allergy and hypersensitivity to virus 
disease, little, if anything, is known and the 
question does not appear to have been explored 
owing, probably, to the difficulties in preparing 
suitable test reag’ents. 

Ample eviflonce has been produced to showi,. 
that a specific vims distaise. can be caused by 
strains or typos of virus immiuiologically dis- 
tinct. This is well recognized and oxcurqili- 
fied in foot-and-rnonth disease which is e,ans('d 
by at least three virus strains, in South African 
horse-sickness with its six or move virus strains, 
and in equine eneephalomyelitis witli its 
called Eastern and Western types or strains.^ 
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' Becsovery from a spocitic virus infection leaves 
Qiore or less immunity against reinfection with 
the same virus. But where the virus is re- 
pi-esented by a plurality of strains, high pro- 
tection oc solid immunity prevails against only 
one strain. Protection will be slight or, at 
best, only jairtial against other strums of the 
same grou}). A solid immunity against the 
homologous siraiu may therefore prove m- 
^ effective against heterologous strains. ...he 
coming into existence and development of im- 
munological ly distinct strains of a virus may 
well be' conceived as being brought about by 
changed environment, animal host species md 
mode of adaptation. Knowledge of the multi- 
plicity of virus strains is growing and it is pro- 
bable, as investigations continue, that, a much 
greater number than at present recognized, 
will be uncovered. 

One of idle greatest handicaps in the study 
of viruses has been the difficulty in traiismit- 
i,ing them and propagating them ^ in laboratory 
A experimental animals. But this is being ovei- 
come with increasing knowledge of the suscep- 
tibility of the guinea pig, rabbit, white vnouse 
and ferret to certain virus infections and of tlie 
, behaviour of such viruses in these animals and 
in the .developing chick ernbryo. Even ''mw 
there may be more or less difficulty in inakmg 
the initial transfer from the natural to- the ex- 
perimental Host alid in obtaining the first 
“take.”' which may cause little health disturb- 
ance or escape observation. .But after a few 
serial passages the virus adapts itself to Idie 
new host and environment with, as a rule, m- 
.# creasing pathogenicity. With some viruses 
and experimental animals only a few passages 
or generations are required, and with others 
many, for the attainment of fixed virulence 
and 'type. With certain viruses, such as those 
of South African horse-sickness, and yellow 
fever of man, the phenomenon of changing a 
typicsal viscerotropic into a fixed neurotropic 
virus occurs as a result of intercranial 
tious in serial passage, particularly m white 
mice. Moreover, it would appear that the 
tvpc of virus which has been developed b , 
adaptation and fixation in the experimental 
host IB maiiitamed and is not reversed ^^611 
vo-inivoduced to the original ^ost. BuiUa 
modification is indicated by the observation 
that a virus, which has attained its highest 
Tiossible virulence in the passage animal a.nd 
kills it in a given period of time, is generally 
loss infective ■ and pathogenic for its original 
host than before its change of type and en- 
viroiiment. 


, In, our own distemper studies, , virus strains 
originating from the fox, mink and dog have 
been maintained for a number of years by con- 
tinuous serial passage in ferrets. Some minor 
differences m their infectivity and pathogeni- 
city \vere apparent at the time they were first 
obtained, but none could be observed after 
serial passage in ferrets. And, while the 
■ strains are evidently fixed at their ' highest 
virulence for ferrets, these animals invariably 
succumbing to inoculation between the lOth 
and the 14th day followung, usually between 
the 11th and the 13th day, it is rarely possible 
to produce clinical distemper with them in 
either dogs or foxes which were raised under 
strictly controlled conditions and which, tlieo-, 
retically, should be uniformly' and highly sus- 
ceptible to the disease. Thus, viruses that 
change in type and reach highest virulence in 
the passage animals may, at the same time 
and in the same process, become greatly at- 
tenuated for the original host species. Much 
practical use is being made of this in the pre- 
paration of living, attenuated viruses for pro- 
]jhylatic and immunization purposes from the 
brain tis.'^nes of white mice and the embryonic 
tissues of the developing cluck. 

Experimenting with the virus of equine 
encephalomyehtis, we succeeded after several 
failures in establishing it in guinea pigs by 
intracranial inoculations of naturally infected 
horse brain. After a few passages it attained 
high virulence and appeared fixed as a neuro- 
tropic virus for guinea pigs. By similar proce- 
dure the guinea pig strain was established and 
fixed in white mice and, in turn, the mouse 
strain in the chick embryo. The comparative 
infectivity and virulence of the three strains so 
developed in the guinea pig, mouse and chick 
embryo, respectively, are of significance. Tit- 
rating the virus-containing tissues of these 
animals in dilutions carried to 1: 100,000,000 
- using O'l c.o. of each dilution as the volumetric 
dose for inoculation, the minimal infective 
dose of the guinea pig virus is represented as 
1; 1000, the mouse virus as 1: 100,000 and the 
chick virus as 1: 100,000,000. That is to say: 
the guinea pig virus has 50 — ^100 times great- 
er concentration and infectivity than the horse 
virus, the • mouse virus 100 times that of the 
guinea pig virus, and the chick virus 1000 
times that of the mouse virus. However, such 
striking differences are iirobably due to quali- 
tative as well as quantitative factors : and the 
former, more difficult to put in evidence aucl 
to recognize, may be of no less importance in 
virus investigations, especially in their rela- 
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uoiisliiij to antibody production, serum^vmis 
neuiraiizauon anu unmuiuLy leuctions, Xiuan 
tlic latior, it liuri already been demonstrated 
tliat the chick uinbryo strain oi cncej)haiou.iye- 
iitis virus can be utilized for immunization 
purposes lar more eiiuctively than tho other 
strains. But whether this is due alone to the 
great conceiitration of the virus in the chick 
embryo or to the concentration together with 
a change in the character of the virus itself, 
acquired by sojourn in the chick erhbryo, is at 
present an open question. 

One more virus disease may be mentioned 
in concluding this short discussion, namely, hi- 
fectious equine anaemia, which has points of 
special interest. It is a highly infective but 
non-contagious disease, septicaemia-like in 
character, appearing in either an acute or chro- 
nic form and marked by recurring febrile periods 
whieli, m the early stages, take place at remark- 
ably regular intervals of approximately 21 days 
and are suggestive of a cycle not unlike that of 
certain protozoan infectious. The virus is 
present and apparently multiplies in the circu- 
lating blood and has no known special affinities 
for cellular tissues. The minutest quantity of 
blood will transmit infection and disease to a 
healthy horse, and this, with other observations, 
has led to the strong suspicion that an insect 
host or vector is responsible for the natural 
transmission of the disease. 

Horses which recover from the disease, and 
they are many) are apprently immune from 
further attack but may ean-y the virus in their 
blood for the rest , of their natural lives and thus 
become vims reservoirs. As an instanee, a 
horse which had recovered from the naturally 
contracted disease when about five years of 
age, lived the remainder of its life at one of our 
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research stations, passing 20 years of ago. At 
intervals during that whole period its blood 
proved highly infective for horses and repro- 
duced the typical disease. The fact that 
apparently normal healthy iiorscs may be and 
frequently are carriers of hueciious-aiiaomia 
virus is not to bo overlooked when horses are 
used for the production of anti-sera intended 
for either human or animal use. 

Inability to infect any species of laljoratory 
animal or to propagate the virus of infectious 
equine anaemia under laboratory conditions 
has hmdered the investigations we have curried 
on for 25 years. But with improved, methods 
of study recently introduced and experience 
gained with regard to susceptibility of mouse, 
ferret and chick embryo to virus infections, 
there are increasing possibilities of projiagating 
this virus in the laboratory and of studjing it 
to better effect. 

Many other diseases in which the etiological 
agent is filterable and ultraniicroscopic occur 
in North America. ’ Many m(.)i'e, unknown on 
the North American Continent, are frequent in 
either Europe, Asia or Africa, These virus 
diseases are just as important, eeononiically, 
as the diseases of known bacterial origin, with 
which they have much in ciornmon. The view 
that viruses are animate, particulate elements 
and agencies appears to be well taken and 
: doubtless will be held in.itil satisfactory evi- 
dence to the eontrary lias been produced. 
Their orderly classification, powers of multipli- 
cation and adaptation, as well as other inher- 
ent properties and affinities will for a consider- 
able time to come hold the attention of virolo-- 
gists and, perhaps the interest and scrutiny of 
geneticists. 


THE STANDARDIZATION AND INTERPRETATION OR THE AGGLUTI- 
NATION TEST EOR BMVCELLA INEECTION IN CATTLE* 


By W. L. Hindmabsh, B.V.Sc., M.R.C.V.S., D.V.H 

The Secretary of Section L has asked me to 
lead tho discussion on the subject of “What 
c-onstitutes a reaction to the agglutination test 
for contagious abortion?” At first glance it 
might appear that a certain de,gree of agglu- 
tination and sedimentation of the bacteria 
constitutes a- reaction, but in the diagnosis of 
infection the matter is by no means so simple. 

*Reprin.tGd from the Australian Veterinary 




, Veterinary Besearch Station, Gienfield, N. S, W 

It appeared to me, therefore, that a general dis- 
cussion of the developmoiifc of the lest and the 
various factors involved would be o,f some value. 

Topley. [1933] records that agglutination of 
bacteria wa.« first described by' Oubor and 
Durham in 1896. 'Grunbaum ‘ [1896], Widal 
[1896] and Widal and Sicard [1807] rf'cognized 
the value of the test for the diagnosis of t.y[)boid 
Journal, Vol. XVr, No. ], February 1940 
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fever, but its use was soo}i exieuded to otlier 
diseases, tiiougiir often with indiiiereut success 
[Arkwriglit, lUbiJ. in addition to tiie testing 
of sera for the presence of uggiutinius against 
bacteria siisj.iected of having invaded the host, 
agglutination was utilized iu the identilication 
of uukiiowii bacteria. 

S3))ecific agglutination is now regarded as 
occurring in two stagi/s. Jn the first place the 
bacteria are acted upon by the agglutinin 
present in the serum of the infected or iiiiniune 
animals. This action confers on the bacteria 
the pro{)t!rty of ciuinping in the presence of neu- 
irai salts iu low’ concentration, iu the second 
place the bacteria are agglutinated into clumps 
in the presence of electrolytes. The clumps 
then full to the bottom of the tube by gravity. 

Wright and ibniith [1897] used the aggiutina- 
tion test foi’ the differentiation of Malta and 
typhoid fever. Birt and Lamb [1899] describ- 
ed the ugglutination test for Malta fever, biding 
their work on that clone previously by Wright. 
These authors recognized the necessity for a 
standard method of preparing antigen, a know- 
ledge of the agglutination titres of sera of nornuil 
and infected indivulualB and a knowledge of the 
period that elapsed between infection and the 
presence qf agglutinins in tTio serum. 

Since tliis work was published the agglutina- 
tion test has come into general use in the diag- 
nosis' of infection of cattle with Bfuoella ahoHu^. 

McFudycan and Stockman [1912] concluded 
us a result of their tests that “one will be justi- 
fied in regarding complete agglutination with a 
serum dilution of 1 in 50 or 1 in 100 as strong 
evidence of infection.” They drew attention to 
the fact that all animals whose sera give a posi- 
tive reaction do not necessarily abort and that 
certain infected auiraaLs which do abort may 
not give a positive reaction at or shortly after 
the event although later the serum will react 
positively. The standardization of the bacterial 
susjjcnsion used in these tests was .'when view-’ 
ed in one of the small tubes employed for the 
tests, it was faintly hazy in appearance.” The . 
tubes \!^ere incubated at 31°G. to 38®0. for 
24 hours before reading. 

Bcdflon [1915] reported upon his investiga- 
tions into use of the agglutination test. He 
oniphaaizcid the necessity for a standardized 
l)aclerial (imulsion for use as antigen, using a 
sus]Hursion of barium sulphatef as a standard 

fTbreo ml. of t per cent solution of baiium chloride 
in distilled water was added to 97 m 1. of 1 per cent* 
solution of sulphuric acid in water. 


of capacity. In a later report Beddon [1919] 
drew attention to the fact that, whilst aggluti- 
nation due to non-specific agglutinins W'ould take 
place if sufificieiib serum was added to the bacte- 
rial suspension, the concentration ot these ag- 
glutinins is never very higli. With regard to 
the agglutinins developed as a result of invasion 
of the hotly by Br. aborluH, lie referred to the 
definite relationship between the quantity of 
specific agglutinins and of the bac-tcrial 'sus- 
penBion whitdi go logetlier to produce the ag- 
glutination reaction, pointing out the necessity 
for using a detinite unit oi the suspension in the 
test. 

As a result of his investigations ho coneduded 
that agglutination wdtli 0>1 nil. of serum, using 
the unit of antigen prcnously described, was 
evidence of infection {K.B.: tVo ml. of suspen- 
sion w^as used and the total volume of fluid in 
the tnbo.s was 2 ml.). Beddon compared the 
agglutination responses witli the clinical history 
of the cattle. Like iMi'Ludypaii and Stockman, 
ho noted tliut some infeefed animals failed to 
give a ])OKitive reaction until aficr abortion and 
that a small ixirceniage of cattle, infected ap-. 
pa,rent]y in the uterus only, may have a decreas- 
ing agglutination titro and eventually give a 
negative reaction. 

The agglutination tests carried out at the 
Glenfield Veterinary Research Station arc based 
upon Beddon’s work, agglutination with 0'f)l 
ml. of serum being regarded as a positive rouc- 
tion. For purpose of convenience, however, we 
standai'dize the antigen by comparison with tube 
2 of Bui'roughs Wellcome standard opacity 
tubes. This gives a suspension slightly less 
dense than Seddon’s Barium Standard. 

The wide use of the agglutination test for the 
establishment of abortion-free herds has led to 
many thousands of tests being curried out in 
laboratories in almost all civilized countries. 
From the acconnts of tests as a])plied in various 
centres, there is considerable variation in the 
technique adopted, and unless the exact details 
of the test are published it is dil'ficult to make 
comparisons between the results obtained by 
different worliers. Honce it is now^ gc'ncrally 
admitted that there is necessity for the detormi- 
nation of a standard for the techniejuo and inter- 
pretation of the test. Tn this connection 
Stablofnrth [1930] has piildished some hilerost- 
ing and iicrtincnt data. He carried out h'sis 
on the sera of 50 cow’S, the hactmaal sus- 

pensions of different, laboratories and using the 
technique and methods of reading adopted in 
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these laboratories. The results were far from- 
uniform. ■ 

19 cows reacted negative or doubtful. 

24 cows reacted negative or doubtful or 
positive. 

2 cows reacted doubtful or positive. 

1 cow reacted negative or positive. 

4 cows only gave a positive reaction to all 
the methods used. 

Thus 46 of the 50 cattle would have been 
judged positive, negative or d!oubtful accord- 
ing to the technique adopted. 

Similarly in America sera have ; been examin-, 
ed simultaneously in a number of laboratories 
with reactions that varied to' a considerable 
degree. 'When one considers the large number 
of institutions throughout the world in which 
the test for Bang’s disease is carried out, the 
almost innumerable variations in technique 
and interpretation, and the fact that, in spite 
of these variations, herds are being rid of die 
infection, we can only marvel at the results 
being attained. However, it is undoubtedly 
true that the less exact irietliods lead to eco- 
•nornic loss in causing tlie disposal of non- 
inf ected animals and in lengthening the period 
of eradication by the failure to select some 
infected cattle. 

It is obvious that in deciding the signi- 
ficance of the results of the test we are not 
concerned merely with the highest or lowest 
dilution which gives agglutination; we have to 
take into consideration : 

(a) The suspension of bacilli. . 

(b) The blood serum. 

(c) The diluting fluid. 

(d) The treatment of; the combination of 
serum and antigen. 

h'rei [1937] discussed these matters very 
fully, and his opinions are freely quoted in the 
following summary. 

Coagulation can exercise an action 
on the colloids of the serum and notably on 
the agglutinins. Coagulation at low tempera- 
tures or shaking during ' coagulation must be 
avoided, otherwise the agglutination titre will 
be lowered. Tests should be put up as soon 
as possible after collection of the serum, since 
the titre may fall if the serum is held for 
lengthy periods, although delay of three or 
four days is not of much significance. How’- 
far the holding of nncontaminated sera is of 
importance is difficult to state, but the: sera 
used as known positive controls at Glenfield 
have been for some months carbolized without 
any appreciable loss of titre in the diagnostic 


range. These sera are, however, strongly 
positive, and it can be uiiderstoud that a sligLit 
loss of agglutinin may be of sigmlicance with 
sera on the border line; of course containina- 
tiou of the sera, which frequently occurs in 
field collection and at high temperatures, exer- 
cises an adverse iiiUueucc and rendei's seme 
sera uiitestahle. Similarly luicmolysiB and 
consequent staining of the serum is uiulosir- 
able, and according to hrei may lessen the 
titre. In our experience haemolysis frequent- 
ly leads to a deposit in the control tube not 
eontaining antigen and thus renders the inter- 
pretatior. of the test very difficult. Brei, 
quoting the report of the B. S. A. Commission 
on Bang’s Disease, states that, whilst varia- 
tions of pU within fairly wide limits (4*7 to 
8 9) do not have any noticeable effect on tiie 
titre, urieleau bottles, especially those which 
have held disintectaiits such as c.resol or soups, 
tend to lower the titre. 

Bactenal. auapeniiion^ It is generally knowm 
that the agglutinability of tlie antigen is iii- 
fluenoed by the method of culture and type of 
culture media employed. Btubieforth showed 
tliat when using the same- bacterial strain there 
was a ditfeience in the agglutinability of sus- 
pensions prepared in the different media, pre- 
pared in similar media but using organs, from 
difi'erent species of animals, and even in 
diliereut liask.s using the same medium, 
lienee it is well-nigh impossible to guarantee 
that supplies of media prepared under similar 
conditions will be identical. Buch diffioultids 
could be overcome if each batch of antigen 
could be titrated against a standard serum; 
the recent work in the preparation of standard 
dry serum offers hope in this direction. 

Whilst many laboratories prepare their anti- 
gens from cultures when they have attained 
their apparent maximum growth, e.g., after 
two or three days. Brei prefers to use 24- 
hour cultures, since, in liis opinion, at this 
age of culture there is maximum agglutin- 
ability. Culture is sometimes raked off the 
medium with a glass rod or a platinum needle. 
In the U. S. A., how-ever, the usual practice 
is to flood the flask or tube with curhol saline, 
and allow- the fluid to renuiiu in contact with 
the culture two or three hours before washing 
off. In any case the sus])ensiori must be 
filtered to remove any ])art;icies uf agar, which, 
if left in the antigen, rua,y iiicrcuse the degree 
of agglutination. 

The use of liying bacteria in the suspension 
is favoured, by some, but the consensus of 
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opinion ia ugainsb tins practice on account of 
danger to the laboratory staff, and because, tne 
bacteria may be killed without any appreciable 
eJ'oct on agglul-inabiliby. In this connection 
Henry and Tramu have stated that tricresol 
0-2 per cent and carbolic O' 5 per cent have 
scarcely any ci'Tc(;t on the rtisults of the test, 
but that formalin ia not desirable. 

As previously mentioned the density of the 
suspension is very important. Various 
methods liave been adopted in the fixation of 
a standard of density. Opacity standards, 
enumeration of bacilli, centrifugal! zation, 

nephelometers and opacity meters have all 
be.en used. Probably the best method is by 
cendrifngnlization, using Fitch’s modification 
of Hopkins’ vaccine tube. Whilst some v/rit- 
ers have stat(id that within certain . limits the 
density of the suspensio-rv is without infiuenee 
on th(i r(!sults of the test, others, notably l?itch, 
Bonham, Bishop and Boyd, are of opinion 
that the maximum iiitre of agglutination of 
sera containitig a moderate quantity of agglu- 
tinin changes with the density of the antigen. 
Stiibkd’oi’th hns. shown that with an increase 
in the ..density of the antigen there was a 
diminution in the titre of the sernm. 

The .agglutinability of strains of Bnmalla 
from different sources varies to a great degree. 
Traurri and Henry tested the agglntinability 
of 22 strains of Bv. abortus and found consi- 
derable variation. Frei states that many strain 
react with sera which give negative results 
with other strains. On this account most 
workers use a suspension made of a number 
of strains, 

In putting up the test it is usual to use a 
series of serum dilutions, although in the 
routine testing of large numbers of sera the 
series is a small one. Some workers make 
their serial dilutions in normal saline or carbol- 
saline before adding the sera to the antigen. 
Others, notably in America, add undiluted 
serum direct to the antigen. Stableforth. states 
that -with the latter method higher titres sire 
obtained. The actual volume of fluid in the, 
tubes is of some importance, as agglntination 
is more rapid in the smaller volnmes, although 
ihe final result is probably the same. 

Tb(', tubes are usually incubated at from 
H7" 0. to 40'^ 0.. fdtbous'h angluti nation wdll 
talvo place at lower temperatures. Frei agrees 
with tlie finding of the Commission on Conta- 
gious Abortion of IT. S. A. (19B2-33) that the 
tost slnmld roinain in the incubator 42 hours 
at least. , ' 


Reading the test ,, 

On reading the test it is usual to refer to 
different degrees of agglutination, indicating 
the reaction by the sign -i-. 

Contiii- Eitoh 
ental U.S.A. 

Comploto sedimeiifcutiojQ, aupornafcant 

clear . . ... . pppp p 

Almost complete sedimentation, 

supernatant almost clear . . p p p q 

Much sedimentation, supernatant 1 

hazy . . . . pp g 1 

Light sedimentation, supernatant { 

cloudy . . . . . pj 

No sedimentation . . . . .. 

Interpretation of the test 

With regard to Brucella infection of cattle, 
we must bear in mind that:— - 

(a) Agglutinins may appear in the .blood in 
from one to three mouths after infection, so 
•that ail animal may be recently infected and 
give a negative reaction. 

(b) Agglutinins may persist in the blood for 
a long period, even if the infection be lost, so 
that all animals giving a positive reaction do 
not necessarily harbour the living organism. 

(c) The intensity of tlie reaction does not 
necessarily indicate the virulence or degree of 
the infection. 

(d) There is a relationship between oontinu- 
ous high titre and under infection. 

(e) The greatest percentage of abortions 
occur in animals with a high titre (Huddle- 
son). 

Willems [1937] suggests that an agglutina- 
tion titre should be determined, and he recom- 
mends the calculation, of a constant of aggluti- 
nation. He takes as an index of aggliitinability 
of the suspension that dilution of a standard 
positive serum which gives 50 per cent of 
agglutination. 

Calculating in this way he found that 50 
per cent agglutination was given in a serum 
dilution of 1 in 700 with the suspension used 
in his laboratory, and with 1 in 400 with the 
suspension used by Stableforth. 

The indices of aggliitinability therefore iveie 
700 for the Belgian suspension and 400 for tlio 
English suspension. 

This index is a measure of the degree o£ 
sensitivity of the suspension. 

Utilizing this suspension with an index of 
agglutinability of 700, Willems regards as a, 
positive reaction a 50 per cent agglutination 
with a serum dilution of 1/50. 

The ‘constant of agglutination is calculaied 
as' 50/700 or O' 07142. 
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Willems found that the index of agglutiii- 
abiliiy of. the English suspension was 400 and 
the titro indicating infeution will be obtained 
by tnultij)lyiiig ihe index of uggliitin ability by 
the constajit of agglutination 400 x 0'07142'= 
28' 50, or roughly 1/30. 

Htablefoi'tli regarded a positive reaction as 
that of 25 per cent agglutination with a serum 
dilution of 1/40. 

With the standard serum and the English 
suspension 25 per cent of agglutination .was 
obtained with a serum dilution of 1/600. 

The titre of infection, therefore, is 
l/35‘7, which is very close to Stableforth’s 
standard of 1/40, 

Willems points out that this shows that the 
infection titre recognized by him is close to 
that adopted by Stahlelorth, but he stated 
that it is not possible to forecast the titre of a 
serum with mathematical precision. 

He tested the method on 11 sera: — 

111 o cases tile titre. was accurately forecast. 

In 0 eases the titre was 10 per cent in error. 

In 5 cases the titre was less than 10 per 
cent in error. 

Ill 1 ease the titre was less than 20 per cent 
in error. 

In 1 case the titre was less than 50 per 
cent in error. 

How far such, a method would be found of 
value it is difficult to say, but Willems’ own 
test, although limited, shows a considerable 
margin of error in his predictioni 

It is obvious, however, that it is not possible 
to answer the question “What constitutes a 
reaction to the agglutination test” until we 
know: (1) the exact technique of the test; (2) 
the agglutina])ility of the siia})ension used. 

So far each laboratory appears to have work- 
ed out its own system of technique and inter- 
pretation on an empirical basis, although in 
some cases the titre indicating infection has 
been arrived at by reference to the clinical 
history of infected animals and subsequent 
bacteriological examinations. 

Having adopted a standard method of anti- 
gen pre{)aration and technique of test and hav- 
ing determined the titre w'liich is indicative 
of infection, we are still faced with the prob- 
lem of those animals whose sera have a titre 
sornewhnt, belcnv the accepted diagnostic titre 
and yet above that wdiich might be ascribed 
to^ non-speciHc agglutination. Dotiham and 
Eitch have investigated this matter. .Th<=‘y 
point out that the agglutination titre or titres 
which are selected as a basis to differentiate. 


between specific and non-specific agglutinins 
are arbitrary separations in a, continuous scale 
of agglutination reactions extemding from low 
to liigh dilutions of serum. They have bce.n 
inade after extensive studies ami experience, 
but they are not infallible. These authors 
. tested 303 sera from cai.tle in lu'rds that did 
not contain any animals with positive aggluti- 
nation titres, with dilutio.us of .1, in 10 to i in 
26. Thirty-seven per cent of these showed 
-agglutination in a dilution of .1/25. The signi- 
ficance of their findings was that we cannot 
consider all agglutination reactions in low 
dilutions as evidence of Bang’s disease, 
although it may be an indication of a rising 
titre in a recently infected animal. Donham 
and Fitch do not consider this latter possibil- 
ity of imieh importance as it detects only a 
minor' percentage of animals tliut slioiil’d he. 
regarded as suspicious. In America, the titre 
indicating •infection is regarded as 1-100. 

Taking .Don] lam and Fitch’s work, it a])])e:'irs 
that somewhere between the 1/25 dilution 
and the 1/100 dilution, agglutination which 
may or may not be tlio r(,;ault of Br. ahnrtuft 
infection will occur. Since the fixation of the 
titre of infection is arbitrary, \ve have iio 
recognize that some reactions must be regard- 
ed as sus})icious because we are not justified 
in diagnosing them as positive or negative. ‘ 
Siibse(pient tests of sera of the animals from 
wdiich such sera have been collected will indi- 
cate if the titre is rising and thus permit a 
definite diagnosis. Kitselman [1936] reviewed 
the after-history of 1,000 cows testing suspi- 
cious (1/50) to the Bang agglutination test. 
A.fter five .months 60' 1 per cent had become 
negative, 23’ 1 per cent had become positive, 
and 16‘8 per cent remained unchanged. These 
cattle were in herds in • which the percentage 
of infection at the initial test ranged from 10- 
to 17-9 per cent. Tims 82-2 per cent of the 
suspicious reactors gave a d('finito nc‘,gativc or 
positive reading within five months of tlie 
doubtful test. Tlierc are, however, certain 
animals of which the sennn tiiro ])crsists at 
the one level of suspicion. In our experienccj 
such animals are not infetded, althongli a. 
careful baeteriologic.al (‘xamination of the ani- 
mal after- slauglitor has only been possible in 
one or two cases. 

Tn determining the pos.sible dangoi’ of ilicse 
animals most authorities art^ of Iho opinion tlia.t 
the interpretation of the agglutination rc'sulls 
can only be rnad(5 satisfactorily in the, light of 
the disease status of the herd, the breodiug 






Abssbaots 261 


history and the stag© of gestation. Thus 
Donliam and Ihteh would x^i'^fer to accept as 
11011 -inf ected a cow showing a low agglutina- 
tion titre from a herd with no positive reactors 
.than a non-rouotor from a diseased herd. 

All that has been said so far refers to the 
inioroscoxuo tube agglutination test as carried 
•out in the laboratory.. 

Attention is drawn to the rapid tests which 
liavo been evolved in other countries, parti- 
cularly America. The rapid plate agglutina- 
tion test is being used in at least one State 
in the eradication of Bmcella infection of 
•cattle, and in other States it is playing some 
pari in the control schemes. It is claimed 
that with this test quantities of serum ap- 
proximately equal to those used in the tube 
■test are employed and that the results are 
very reliable. Of course, if tliis test were 
.adopted a standard antigen should be available 
to all veterinarians using it, and a standard 
of technique and intei’pn.'.tation would be 
required. 

OONOLUSION'B 

Idicro is no generally accepted standard fot 
the performance and infceriu’etation of the 
.tigglutination test for the diagnosis of Brucella 
infection of cattle. 

Some attempts have been made to evolve a 
TOotliod of standardization of this test. 

A standard of preparation of the bacterial 
suspension should be adopted in Australia, 
and the agglutinability of each batch be tested 
against a standard positive serum. 

The standard positive serum can be main- 
tained at approximately its original titre for 
some years in a dry condition. 


It would be an advantage if the standard 
suspension to be used throughout Australia 
could be prepared in one central laboratory. 

A standard technique should be adopted 
throughout Australia so that the tests carried 
out in different laboratories will be comparable. 

Consideration should be given to the adop- 
tion of the rapid methods of agglutination 
testing since these would he of value to the 
field officer in the initial determination of the 
approximate degree of infection in a herd. It 
may be possible to adopt this method as the 
standard test as has been done in parts of 
America, 
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ABSTRACTS 


: Eeport on experimental commercial , preparation 
I of butter fat at Longwarry ; August to October 
1941. G. Loptus-Hills (1941) Eeport of the Coun. 
Sci. Jnilustf. Res. Australia 20 

( , Tur; re]>ort doala with a description of the experimental 

1 .'* ])lant sot up at Longwarry, for the larger scale manu- 
fact.uro of butter fat fT'om .surplus second grade butter 
of Austrnlifi, with tho use of centrifugal separation and 
. viicnnin ova|)oration for the removal of water. The 
1)utt:ar fat. was sent to Great Britain and to the 
Navy. Tho butter was molted in half ton lots by direct 
oxjinsuro to .«team (25 minutes) and then allowed to pass 
through, fiwo alfa-Laval No. 85 whey separator's, set to give 
about 55 f)er c.ont cream from whey. Tho flow of butter 
► fat from the sofamd separator was regulated to give a 
f"'T fairly cloudy, but not comffletely opaque, butter fat. 
; The butter fat from tho second separator was afterward 


dried by heating under reduced pressure in a modified 
Vacreator unit and then passed through the Internal 
Tubular type of cooler. The butter fat was settled in 
a stainless steel tank and finally filled as completely as 
possible, and packed in 4 gallon tins of wliich the 2^^ 
screw top type with push in bungs was formd to be most 
satisfactory. At a vacuum of 28-6 to 29 '0 inches of 
mercury, the evaporator removed 2 • 0 to 2 • 6 per cent 
of water from the fat at maximum throughout. It is 
possible to dry to O'l per ceiit of moisture content, the 
plant worldng at IJ tons of butter per hour. An 
aproximate estimate of the general order of the working 
costs reveals that the cost of the product per lb. at the 
place of manufacture is equal to the cost of bui.er per 
lb. delivered to place of manufacture 109/80-2^1 '4^. 
The rate of separation was markedly increased by adjust- 
ing the pH of butter serum, after melting to 10 *0 with 
caustic soda. The use of unsalted butter did not have 
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any marked effect on the speed of separation.! but the 
amount of curd deposited in separator bowls was much 
reduced. Increase in the amount of serum solids re- 
tained by the final fat between 0*1 to 0*2 per cent was 
generally associated with improved flavour of the fat. 
Decantation of a part of the serum did not reduce the 
curd deposition in the separator. Dilution by condense 
water in direct steam molting was found to be about 17 
per cent. Cooflicients of heat transfer from fat to metal 
were given. The baotc3rial count of the fat per ml. was 
below 10. The contamination of copper and iron and the 
need to avoid them are dealt with. The analytical 
methods for the determination of wdler (Karl Kisher 
method) copper and iron (McDowell’s modification of 
Moir’s method) are described. Cooling to about 70°F* 
in tins was nocessaiy to get a desirable textiue for the 
butter fat. About 14 tons 4 cwts. of butter was hand- 
led. [0. P. A.] 

Yield* chemical composition* and Seeding value 
Sor milh production oS alfalfa hay cut at three 
Stages of maturity. Tech Bull. TJ. S. Dep. 
Agric. No. 739* 1940, 1-51 

The effect of cutting alfalfa at dofforent stages of 
maturity on its yield, chemical composition, colour, 
ieafiness and relative nutritive value as determined by 
feeding experiments and digestion trials on sheep and 
Holstein cows is given. Cutting alfalfa at 3 stages of 
maturity, namely (a) initial bloom stage when not more 
than 10 per cent of the plants are in bloom, (6) at half 
bloom stage when about 60 per cent of the plants are in 
bloom and (c) at full bloom stage when 90 to 100 per cent 
of the plants are in bloom appears to have significant 
effect on the quality. Alfalfa cut at the initial or half 
bloom stage was markedly superior in the yield of hay; 
(8938 lb, and 8888 lb. as against 6940 lb. per acre) and 
yield of digestible nutrients per acre (4660 lb. ai%d 4413 
lb. as against 3269 lb. per acre per year) to the alfalfa 
cut at the full bloom stage. The line of demarcation 
between the first and second stage is not very signifi- 
cant. 

^With sheep as experimental animals, the average 
digestion coefiicients obtained for crude protein were 
77*7 per cent for the initial bloom hay, 77*1 for the 
half.bloom hay and 75*4 for the full-bloom hay. The 
corresponding digestible coefficients for crude fibre wore 
47 • 7, 41 '4 and 38*3 per cent respectively. Experiments 
on 3 Holstein cows fed exclusively on initial bloom of 
alfalfa hay showed an average production of 11,099 lb, 
of milk and 404 lb. of butter fat (calculated on mature 
ago basis). The cows on half bloom hay produced on 
an average 9763 lb. of milk and 345 lb. of butter fat 
(mature age basis) The 4 cows on full-bloom hay 
produced an average of 8981 lb. of milk and 331 lb. of 
butter fat on mature ago basis. The rate of consumption 
of initial bloom-hay per poxmd of milk and butter fat 
produced was less than that of half and full bloom hay. 
The calculated amount of milk produced per acre was 
6330 lb. for initial bloom plot, 6234 lb. for the half bloom 
plot and 3970 lb. for the full bloom plot after the actual 
quantity ol milk produced was corrected to 4 per cent 
butter far.. [M, 0. B.] 

Tbe feeding o£ dairy cows for intensive milk pro- 
duction in practice. E. Meigs (1939). IJ,8, 
Dtp. Agric. Yearbook Agnc.^ 666-91 

The nuportanco of roughage and concentrates in the 
feeding of dairy cows, the proper way of feeing and the 
determination of the amount of food required are given. 


"Ifhe vital importance of good roughage, concentrates, 
and pasture for maintaining the high producing dairy 
cow is stressed. Half and half oi legume hay (alfalfa), 
and grass hay (timothy) mo rocommonded for high milk, 
yielders. A good concentrate nii.xturo can be mado 
up of 4 parts of corn meal, 3 parts of wheat brarr mid 
parts of 01 X 0 or more of the oil cako xuoals phis 1 per cent of 
salt. Feeding cows according to tho yavage ytaiulard 
which is very liberal starulard, appears to bo tlie best. 
To maintain xmiform body woigiit, heavy nulking cow.*?, 
in the early jiart of the lactation, should bo fed ad libitum' 
hay and as much concentrates in adtlitiojx as they would 
clear up in half tin hour twice a day. For successful,, 
reproduction, cows need about 10 p, m. carotene in the 
dry matter of the ration. Tender grasses or legumes 
high quality alfalfa meal and cod liver oil aro good vita, 
mm A concentrates. Cod liver oil in large quantities 
appears to be harmful to cows. It rcducx^s the fat 
content of the milk. Mature cows cun be fed two ounces 
of cod liver oil per day. Heavy milking c;ows require 
about 0*26 per cent each of calcium and jdxosphorus 
in the dry matter of the ration. Iodine doficioucy is 
not frequent in dairy cows. The author discourages th© 
practice of administering mineral priqiaratioua and 
vitamins to make up for poor rations. [M. 0. H.J 

Studies on the nutritive requirements of Bacteria. 
Wollby (1941). J. Back 42* 156 

The author describes some of his interesting researches 
regarding growth-factor and amino-acid requirements of 
certain bacteria. 

He found that the addition of riboflavin, pantothenic 
acid and a suitable reducing agent to a tryptone and liver 
extract medium, inactivated with alkali, could restore the 
original effectiveness of tho medium for the growth of 
haeinolytic streptococci. Ho then attempted to grow 
a member of group D of haemolytic streptococci on a 
synthetic _ basal medium containing hydrolysate of puri- 
fied casein, glucose, inorganic salts, riboflavin, panto- 
thenic acid and reduced iron and oteerved that th© 
addition of vitamin to this medium was esBential 
for the growth. Then the only unknown constituents, 
of this basal medium were tho amino-acids of casein 
hydrolysate. He also discovered that substitution of a 
mixture of 19 pure amino-acids in place of tho casein 
hydrolysate gave good growth. Glutaminic acid, trypto- 
phane, isoleucine, lysine, arginine, systine and tyrosine 
were, on the other hand, found, to he essential for 
growth ; mixture of these 7 amino-acids produced a good 
growth of bacteria. But some closely x’elated strains 
failed to grow on this simplified mixture of amino-acids 
and required a larger variety of amino-acids and 
nicotinic acid. 

Only the members of groups B and D of haemolytic 
streptococci would grow on this purified medium For 
the growth of a member of group A, further addition 
of an unknown water soluble factor of liver extract w.ia 
necessary. 

The attention of the author was then drawn t.o tn© 
fat soluble growth-factors and he found that many such 
compounds possessing vitamin K activity ivere active for 
the growth of Johne’s bacillus. 

He finally points out that tho same compounds arc 
concerned in the growth of all living colls, and tho use of 
bacteria, rather than rats and other animals, for i.ho 
tssay of vitamins would materially reduce tlic co.st 
, of the labour involved in the analysis of these sub.sian- 
cf,s. He also mentions how the studios on microbial 
nutrition helped in the discovery of the chemical 
structure of pantothenic acid. [N.B.D.] 
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The lnherllano© o! eftiila© coat color, Thejbasic' 
colors imd patterns. G. W. Salisbuky (1941). 
J, Heredity 32, 236 

Tuiuw Hour4;oH worn iiaod in obtaining information 
about tlio inhoritancu of the luoro common colours, some 
specific colours ami i’aco and log markings of the horse. 
These HourcdH wcr<^ tlm American Shetland Stud Book, 
l.lio Studbook for hhiiish ,I[or,s(ia and the records of the 
Jockey (Hub. Varying ainoiuits of data on body colour, 
eokmr of mam*, and tail, white markings and other pat- 
terns are presented. 

Ba.sie or Foxindatinu colours arc listed as hay; brown; 
brown-black or sea,l brown; black; and liver chestnut; 
chestnut and sorrel. Colotir may vary with age and ex- 
posure to suiiiight, making it difficult to properly classify 
horses on the basis of colour. 

Undoubtedly (1) brown-black ponies Were classified 
frequently as black instead of brown and (2) colts were 
improperly (Ju.s.silicd before the shedding of the foal 
hair whoso colour may differ from the basic body colour, 
Dos})it(! t.lu'so }>o.s.sibl(! errors, brown is an important 
colour in i-bo iShctl.'ind iirced. Furthermore, different 
sha<lo.4 of <'h<!Htnui- wore not di8tiiigui.shod by Shetland 
brecdor.s, Ifowcvc.-r, a sitnly of 3,2^ Shetland matings 
indicated that the modi' of ijihoritance of the haste body 
colours is I he. same in (,his as in the larger breeds lif 
horses. 

Wentworth re.porl.od tliat the, light mane and tail of 
iho Belgian horse, were <lue to a nionol'actorial recessive 
to (ho normally pigme.ntci! mane and tail. The present 
.'-ijanly suggeshs, liowt'vor, that it is more complicated, 
involving at least two recessive pairs of homozygous 
geties, with additional genes which modify the shade of 
the coat and also temd (o influence the amount of 
pigment in the mane and tail. The white mane, and 
(ail soom In have the satiic inheritance in the chestnut 
a.H in the sorrtil. 

Genes which arc opistatif; to the ba.sic colours arc 
‘those responsible for the grey colour, roaning, spotting, 
dominant white colour, and dilution of (ho basic colours. 
Gbservationa on 106 matings indicate that grey is pro- 
duced by a dominant gene which is opi.static to the 
l)asic coiours. The roaning gene acts .similarly. There 
are two types of white spotting, each with a different 
inheritance. Extensive spotting is duo to a dominant 
white .spotting geno, whereas limited spotlving seems to 
1)6 due to more than ono pair of genes which may involve 
both dominance and recGs.siveue8s. Slight breed diffe- 
rences were noted which, may be due to the ‘unconscious 
selection practised in the development of these breeds.’ 
A single dominant gone, epistatic to all colours, is 
indicated in certain white horses although this condi- 
tion is confused with both old homozygous gray and 
the rc.siilt.s of the dilution gene on chestnut or sorrel, 
‘I'he- dilution gene is not discussed in this paper. 
[J.N.W.]. 

The mheritaBce of eawine coat color. II. 
diloteis, with special reference to the Palomino. 
G. W. Salisbuby and J. W. Beitton (1941) 
J, Heredity 32, 265 

Tuf. Palomino is characterized by f cream-coloured 
body, varying from a dark gold to a light, washed out 
yellow, with a white mane and tail. ^ The eyes show a 
bluish-pink appearance, the .skin is jiink. 

Certain jircvious workers called this colour cream, as 
distingui.shed from dun which referred to horses with a 
light body colour, black mane and tail, a dorsal stripe 
and often wdth ‘Zebra-striped’ legs. Those duns of a 
more yellow colour are commonly called buckskin. ; 


Wredit is reported to have felt that cream was aa 
unflixable heterozygous condition, this theory is substan- 
tiated by breeding experiments. Heizer ‘considered that 
dun, mouse, and cream are produced by a dominant 
dilution gene superimposed over certain basic body 
colors’. Tuff accepted this postulate but cconsidered 
that a pair of genes, responsible for the quantity of 
pigmeutaliion, was involved. In the. homozygous resces- 
sive condition this pair produced albino; he called it the- 
albino factor. In the heterozygous condition the pair- 
reduced chestnut to cream, bay or brown to buck.skin-. 
and dun to light dun, but had no influence on black or 
mouse’. His dilution gene, therefore, was dominant. 

Gremmel, on the other hand, concluded that the albino?, 
was a homozygous recessive for genes at three majorj 
loci of which one dominant at the first locus produced 
Palomiono, while two dominant genes at this locus gave? 
a red ysabeUa or sorrel. He denied any relationship of 
the Palomino to dun. 

The authors of the present study were confronted,, 
therefore, with two postulates : one explaining Palomino- 
by the basic cln'.stniii or sorrel plus a dominant dilution 
gene, which also dilutes bay or brown to dun, and black 
to mouse; the other being chestnut or sorrel possessing 
a r(‘cea.siv6 member of a pair of genes responsible for 
basic pigment. 

A study of the American Shetland Stud .Book ^and 
visifa to Palomino breeding establishments provided 
material for the present work. The Shetland pony data 
indicated a dominant gene was responsible for cream, 
dun and mou.se colour.s. Matings involving two animals 
with the dominant dilution gene gave mo.stly dilutes, 
whore one parent was a dilute and one solid-coloured, 
the ratio of dilute.^ to non-clilutcs was very close to the 
expected 1:1. No differences were found between, 
creams and Palomino .‘lo far as colour, type or distiK&ur*. 
tion of colour was (‘oncerned. A relationship betweeui 
the.se (wo colours, therefore, seems obvious. Visits to . 
.some Palomino breeding establishmenis as avgH as reports .; 
from othens imvisited indicate that 40‘- to SO per cent , 
of the progeny of a Palomino stallion and chestnut or ■ 
sorrel mares were Palominos, the rest were chestnut or.- 
sorrel. Breeding work of troop D, New York State,- 
Police at Oneida, New York, gave similar results. 

It is concluded, therefore, that the Palomino is pro- 
duced by the presence of a diluting gene which does- 
not mask the effects of genes which cause intensity 
variations. A ba.sic chestnut with a white mane and 
tail pirns the dilution gene gives the most desirable 
coloured Palomina. When the gene for black is absent., 
the homozygous intensity reduction condition gives an 
individual with practically no pigment in the bain. 
V^en these are crossed on other colours the progeny 
all show a reduction of the hair pigment. It is not 
felt that where the gene for black _ i.s present, the 
homozygous dominant dilution condition produces an 
albino'; the writers believe that such a case results in 
a wasbed-out, light dun. It appears that only one 
pigment reducing gene' was involved in the horses 
studied. [J.N.W.] 

The chiomosome complex o! Somestie she®F 
(Ovis aries) B. 0. Bbbey, (1941). J. 

Heredity 

Shvtoau workers have reported on the number of 
chromosomes in the domestic and wild shcc-p. fl’liciy 
observations were made largely on testicular material 
prepared by standard methods, or on the. amnion. Most 
of them reported a diploid number of 54 or 60. With- 
one exception, te.sticular material was used in cases where- 
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60 are reported and amnion preparations in cases of 
54. A study oi the ciiromosome complex’ of germ cells, 
therefore, was undertaken in the hope of establishing the 
exact imml)er of chromosomes present in sheep. Modern 
techniques were employed. 

Chromosome counts were made on more than 65 
spermatogouial cells, taken from lambs which had 
just attained sexual maturity. Many of the chrottio- 
somes in these cells showed very little over-lying or 
touching so that they wore easily distinguished one 
from the otlier. The diploid counts were consistently 
54, ‘Metapiiaso plates of the primary spermatocytes con- 
tained 27 chromosomes. Morphologically the chromo- 
somes of the sheep consist of a sphere; rods which may 
be long, short or bent; and large V’s. These latter vary 
somewhat in size and symmetry, but were distinctly 
observed to be V-shaped single chromosomes and not two 
rods so arranged as to give the appearance of a V by the 
over-lying of one end of each. Since there were three 
pairs of these present involving six individual chromo- 
somes, the authors suspect that other workers may have 
considered them each made up of two rods over-lying at 
one cud thus explaining counts of 60. The remaining 
48 chromosomes consist of two pairs of slightly bent, 
medium sized rods, 43 straight rods varying from 4 to 
1 -5 microns long, and one s]diero. Observations on the 
anaphase showed this one sphere paired with a medium 
sized rod. 

Comsiderable difference of opinion exists in reference 
to which chromosomes constitute the sex or X-Y chronm- 
«fomes. The authors of the present study believe the 
heteromorphic pair, viz. the medium sized rod and the 
email sphere, are the X-Y chromosomes. They do not 
think that the fact that different workers have studied 
‘three breed groups, two wild species, and hybrids of 
■ttiese wild species with domestic sheep’ explains the 
variations reported in chromosome number or the diffe- 
rence in opinion on the morphological typo of the X-Y 
pair. pJ.lT.W.] 


kCvolved; the males usually dying after about two or 
three days of age duo to obstruction, the females 
generally having an opening from the yentral side of the 
rectum to the sheath which prevents obstruction. Some 
sows live to maturity and lireed. The mode of inheri- 
tance of the character is irregular. It was found to be 
dominant in many cases. Two boars, Jarl and Frikk, 
had 21-2 and 13-3 per cent affected pigs in their 
litters respectively. Males and females were equally 
affected. Two sisters bred to Ifrikk, their father, gave 
16 per cent affected offspring, but bred to Jarl they 
gave 26 -7 per cent. The author contents that this shows 
that a monogenic mode of inheritance is out _ of the 
question, but ho is unable to list the factors involved. 
Practically, it is impossible to purchase pigs for M’eed- 
ing purposes that one might be certain are free ot the 
genes, causing tins character. [J.N.V/.J 


mheiiiance o£ paralysed hind legs, scrotal 
hernia and atresia ani in pigs; S. Berge (1941) 
J. Heredity 32, 271 


■WniEBT reported the appearance of a recessive sub- 
lethal factor in a herd of Norweigian Landrace swine. 
•Piglings born to heterozygous matings were 25 per cent 
.effected. Symptoms were paralysed hind legs, the 
.animal being unable to walk, although it could pull 
itself along with the forelegs. Koroveckaja reported a 
similar anomaly in Russia, but the proportion of 
affected piglings was 19‘5 per cent, which is less than 
•would bo expected of a monogenic recessive factor. It 
is also reported that in certain other cases the forelegs 
were involved in individuals of the Large White breed 
in Sweden and the Gorman Landrace, The forelegs 
wore eitlror bent or greatly enlarged. 

Warwick suggested that scrotal hernia in pigs was 
due to a digcnic recessive, and Koroveckaja reported 
S7T per cent males in those litters in which the character 
was found. The author believes that the factor shows 
incomplete dominance and points out "that, whereas the 
proportion of males in 414 littors at the Pig Breeding 
‘Station, Aas, ISTorway was 46‘9 per cent, the proportion 
‘Of males in those 31 littfers .in which scrotal heraia was 
manifest was 57 T4 per cent. ‘The excess of males is 
obviously caused by the fact that litters with, a large 
number of males have a greater probability to reveal one 
or more cases of hernia’ he says, and confirms a domi- 
nant umbilical hernia in the pig rveported by Wriedt, 

Cases of atresia ani are referred to. Both sexes i 


Genetics o£ the fowl. 15. Multiple spurs, a muta» 
tion linked with duplex comb, S’- B. Hutt 
(1941). J, Heredity ^2, 357 

The modern Black Sumatra cock must have atleasb 
three spurs, according to the American Poultry Uxib. 

This breed of chickens dates bade m the United States 
to importations in 1847. Pemaies have no spurs. ^ In 
appearance this breed look.s much like game fowls, oi 
which certain ones, said to have originated in India, 
may have as many as five spurs. 

At hatching time there is no difference between the 
male and female. In adult life the feniiile shows 
only several enlarged scales at the spur site. Young 
males show gradual development of several spuits each 
of which develops much as one would on a single- 
spurred breed. In the adult male the top spur is 
generally smaller than the second or largest. Those 
below are smaller in a descending order. Those which 
are larger have a separate bony core. Although, saxing 
on the basis of scale appearance at the spur site in the 
new born chick is not possible, 93 to 98 per cent accu- 
racy is obtained at this ago when selecting those that 
will have multiple spurs from those which will have 
only a single spur. 

During a six year period, involving Fi Pa and back 
cross population of a Black Sumatra male and • Single i 
Comb Wiite Leghorn females, all the Pi 75 per cent, 
of the F.J and 50 per cent, of the backcrosses showed 
multiple spurs. This indicated a unifactorial dominant 
character. The symbol M was assigned to the geno. 
Evidence, however, from the progeny of one Single Comb 
Ancona cock, mated to four Aim hens, to test for the , 
linkage of A{, showed that thei’e was, sometimes, a 
factor that suppressed M, in this case in about 46 per 
cent of his Mm progeny. < 

Tests for linkage showed that M does not belong i,o 
either of the four autosomal linkage groups previously 
known, but that it is linked with />. which causo.s 
duplex comb. The finding of this relationsiiip estab- 
lished a fifth linkage group. There was .some suppro.s- 
sion of D noted in this study, but tlunn was no indi- I 
cation that the suppro.saion of D was asHociai.cd wiih 
the suppression of Af. [JvN.W.] 


Hydrocephalus, a lethal in cattle. 0. L. Cole and ^ 
L. A. Moore (1942). J. Agri. Mea. 65, 483. 

Both internal and external types of hyclrocej'balus 
have been reported in most animals inehiding man. 

The condition has sometime.s been thought to ho lethal 
in swine and mice; various degrees of association 






flexed tail have been noted in these two animals. 
Slight hydrocei>halus with agnatbia in Jersey caiva# 
and hydrocephalus in crossbred dogs have also been 
reported. . , 

Two abnormal calves were born in a grade and pure- 
bred llolstein-Friesian herd in the year of 1939-40. 
The owner suspected hia ration, although it was ade- 
quate. Examination of the herd showed that the two 
calves were from sire- daughter matings. By special 
arrangement 27 additional calves were produced in the 
herd ^of such matings. Three peculiarities were noted 
in these calves : viz, (1) a lethal, (2) asymmetrical 
faces, and (3) a ‘jumpy’ nervous condition. 

The lethal was manifest by an internal hydrocepha- 
lus and marked papiiloedema ; the sktdl was enlarged 
to two or three times its normal size. There were 
no apparent points of blockage of foramena, unless a 
very abnormal position of the foramen magnum might 
have partially or fully blocked the foramina of Magen- 
dic and Luschka, ‘thereby causing the hydrocephalus 
as a secondary manifestation of a gene for hony abnor- 
malities’. The humeri and femurs were badly dis- 
torted, giving rise to tremendous width of the hips 
and crooked or twisted forelegs. Asymmetry was 
.shown by a twisted appearance of the face caused not 
only by tho peculiar manner in which the face and 
head were held, but also by irregularity in the length 
of the two maxillae and of the two mandibles. In tho 
‘jxnnpy’ condition, muscular co-ordination was lacking, 
the calf could not stand by itself unsupported, and 
tremor was present whether standing or lying. 

The throe characters, it is suggested, are due to 
three I'ceessiyo autosonnil genes. The symbols given 
arc as follows : normal Jy. Uthal I, symmetrical A, 
asymraotrioal gj and nonnal nervous reaction, J, 
‘jumpy’ f. On this basis the sire was LlAaJj. Daugh- 
ters of this bull and normal dams would have had 
eight different genotypes, all normal, but nearly all 
carriers of one or more of the three recessive genes 
of tho sire. The three abnormal characters would he 
oxpec.ted to appear in a definite proportion of the pro- 
geny of these daughters and their own sire. The 
expiu-ted and observed distribution of jihenotypes in 
the 27 calve.s were sufficiently close to confirm the 
postulated mode of inheritance whether linked or 
unlinked, although the authors advise further study 
of the mode of inheritance of ‘jumpy’ and asymmetry. 
[J.N.W.] 

Sex -linked albinism in the Turkey Meleagris 
gallopavo® F. B. Htjtt and C. D. Mueller. 

J. 


simple recessiye mutation. If it were autosomal, a> 
ratio of 101 : 34 would have been expected from the 
11 hena that produced albinos. The actual ratio was 
106 : 29. If the character were sex-linked the expected 
ratio of normal to albinotic poults among the 164 off- 
spring from the one male would have been 123 : 41. 
The observed ratio fits both expected ratios fairly woH. 

Eggs from a pen of turkeys among which the charac- 
ter was observed were hatched. Three Bronz coloured 
toms from these eggs were mated to normal hens and 
two pens of normal coloured stock were made un from 
the original pen, Peaa emorvos were examined if 
24 days old. All albinotic progeny from these mat- 
ings were female in the ratio of 184 coloured : 45 
albinos. This again fits the expected ratio, showing 
that the character is a sex-linked recessive mutation. 
The symbol al is tentatively assigned to the caaraccer. 

Of the 184 coloured poults from the nv© carrier 
toms, 37 died at 24-28 days incubation ; of the 46 
albinos, 34 had died during this period. The fact 
that the sex ratio of coloured embryos wMch died was 
close to 1 female to 2 male, which is what would be 
expected, showed that death in the albinos was due 
to this character and not to the fact they were ai! 
female. Differential mortality prior to 24 days may 
have accoimted for the slight difference between the 
observed and the expected ratios. 

With very great difficulty one of the albinotic females 
which was born alive was raised to maturity, Tlic 
character reduces the viability of embryos and poult®. 
In the latter cas^ blindness reduces the ability both to 
find food and of defence. The gene al, therefore, can 
be properly considered as a lethal gene. [J. N, W,], 


The talpid lethal in the domestie fowl R, 

Cole ( 1942 ). J, Heredity 33 , 83 


S'i'UDiKs of an albino poult and its relatives show’ed 
that the condition is caused by a sex-linked recessive 
gene which induces imperfect albinism. 

dingy white characterizes newly hatched affected 
poults in which the irregular stripes and colour pattern 
of Bronz poults are faintly visible. Mature birds had 
some pigment in the feathers which was more evident 
in the areas normaffy black. Newly hatched poults 
have a pale-grey iris which darkens with age. The 
pupil is red, 'Histological examination of prepared 
eye tissue showed absence of melanin in the pecten, 
the pigment epithelium of the functional retina and 
the choroid coat where it is normally abundant. Blind- 
ness also characterized live affected poults. 

In one pen of turkeys where this character first 
appeared there were 133 normal to 31 albinotic poults in 
ilixGo hatches; this ratio of piractically 3 : 1 suggested a 


Ks 


Low hatchability may sometimes result from the pre- 
sence of lethal genes which produce visible abnormali- 
ties in the embryos. A system of recording the results 
of e.'caminations of dead embryos, including the age 
at death, made it possible to recognize the talpid 
lethal. The , name of this lethal was taken from 
ted’/ia, the Latin for mole, because of the shape of 
the embryotic appendages at death. 

The lethal was first found in 1936 when a sire was 
mated to his own daughters. The system of examin- 
ing dead embryos revealed the character by the physi- 
cal abnormalities resulting from it. Having found the 
lethal it was learned that it had also appeared in 1935 
as a result of matings of the same sire to some of Ms 
own daughters. Dead embryos due to this gene, were 

tantll‘^ek./*Il ff of birds dis- 

tantly related to the sire mentioned. In the latter 

f from one hen 

due to this lethal however, 
wheieas 100 per cent of 12 fertile eggs from a full 
common ancestor of all 
canieis, pedigrees revealed, was a cock hatched in 

embryos are characterised bv reduerf 
length oL proximal leg and wing bones, duplication of 
the distal appendage bones, fuied digits in 

appears like a weblnMl 
hand, shortened vertebral column, extreme ectonirm 
subcutaneous oedema, and a reduftin-n nf r it 

to loth day, although as late as the 17th day of t 



Abstbaots 


The symbol ta is suggested for this simple autosomal 
recessive character. 

Mortality under 4^ days was not classified. Hence 
there is a slight excess of normal over talpid embryos 
among those matiijg.s where 95 per cent or more of the 
embryos could be classified. Actually ®*6 per cent of 
the 415 eggs from such matings produced talpid em- 
bryos, whereas 25 per cent would be expected of a 
simple autosomal recessive. The fewe^ the deaths 
under 42- days the nearer the agreement between the 
observed and expected incidence of the results of the 
lethal gene. 

Linage tests were made by examining the linkage of 
ta with three of the five known autosomal linkage 
groups described by Hutt and Lamoreux. The results 
were as follows : 1, If ‘ta is in the Op.M.U, linkage 
group, it is not closely linked with r’; 2. The charac- 
ter 'La probably does not belong to the DM linkage 

group’ ; and 3. ‘ there has been a ratio of parental 

to non-parental colours of 83 to 93^ as compared to the 
expected ratio of 88 to 88 if / and ta were not linked’ 
in the / 6'r linkage group; this difference is imigni- 
fieant. [J. N. W.]. 

A new t 3 ?pe of autosomal nakedness in the domes- 
tic fowl, P. D. STanKiE (1942). J. Heredity 
33 * 202 

N AKEJUKUS.S in birds i.s of two types, viz. that in 
which feather follicles are abnormal, although pterylosis 
occurs and that in which pterylae are absent. The 
abnormality discussed here is of the latter type. The 
expression of the character varies from almost normal 
to almost complete nakedness, with degrees of the latter 
being rated as grades I, II, III and IV, indicating in- 
creasing orders of denudation. The frequency with 
which the different grades of nakedness were observed 
to occur was iu the order II. Ill, IV, I. 

Progeny of a naked male and several heterozygous 
sons crossed with normal hens were naked and normal in 
very neaidy a 1 :1 ratio indicating a simple dominant 
character. Crosse.s of naked females with a normal 
male gave naked males and naked females in a ratio 
of 1 : 1, indicating a simple autosomal character. It is 
believed that the mutation had occurred only recently 
in a female since the character was observed in only 
one bird, a male^ in 5000 which were progeny of 
approximately 250 females and 20 males. Its occur- 
rence originally in a male would have resulted, it is 
thought, in more individuals being involved-. 

The hatchability of naked and nomai chicks was the 
same In all other respects, except for feathering, 
naked chicks were quite normal. There was a high 
mortality among naked chicks, however, from 10-15 davs 
of age and thereafter. The feeding of wet mash seemed 
to deduce the death rate m naked chicks so long as it 
was fed. When dry mash was substituted the death rate 
would increase The degree of denudation was not 

casually related to death rate. It seems, therefore, that 
this character is at least partially lethal. [J.N.W,] 

A new type of recessive achondroplasia in cattle 
S- W. Misad and W. M. eW 

(1942). J. Heredity 

The appearance of a sub-lethal hereditary defect an 
occurred in the Jersey 
^ of the California Experiment Station. Other 
authors have reported different types of this defect of 


which one is due to a dominant igenu, lethal when, 
homozygous, and another is due to a simple recessive 
gene. Both axial and appendicular skeletal structures. 
OTe affected as indicated Jby a short head, deformed, 
jaws, a cleft palate and short stumpy legs. The type 
reported heroin is caused by a mouo.factorial autosomal 
recessive. 

The defect is variable, is usually lethal and mav affect, 
both axial and appendicular skeletal structures. '' Symp- 
toms in different cases vary from those having a short, 
broad head, legs of slightly reduced length and a. 
slightly undersized body to those showing such c s- 
tremely abnormal conditions as a short, broad head, 
short ears, very irregular incisor teeth in a very short 
and therefore deformed lower jaw so that the incisors 
meet the upper jaw opposite the first molars, an 
extreme degree of cleft palate, a hard palate developed 
only about half an inch on each side and marked 
nexxon ox the antei’ior pasterns. 

It is concluded that the defect is caused by a muuo- 
factorial autosomal recessive gene, because the observed 
incidence fits the expected incidence quite well in each 
of three types of matings in this lierd. These three 
the mating of a carrier 
bull_ to hks own daughters or the daughters of another 
carrier bull....,.; (2) the mating of a carrier bull to 

daughter and great granddaughters of carrier sires. 

. and 3) the mating of a carrier bull to daughters, grand 
daughters and great granddaughters of carrier sires... 

One bull number 320A, was the sire, grand sire or 
Sbf hf affected calves borne, although 

thi nunibejp 344, apparently obtained 

the gone from their common sire, number 3,000. It is 
bSn^Sber' 3 ®^^/ Whether the mutation occurred with 
fiuu number 3,000 or was handed down to him bv or 

sLZ^L d?fferr'- achondroSal 

^ f ^ dominant type found in .Uexter 

tolpleS°lfd.*“[rN.Wa 

i^as tethe large scale detec- 

tton o! Mastitis. G. Bayis (1942) Vet. Bee. U, 54 

emphasises the importance of milk nrodne- 

masHti^ ^ T the detection of 

\ Its early diagnosis in large dairy herds 
Ihe technique which he advocates for ite diagiLis \nd 
To and economic? X hat 

Ki^ithod Other than planting freshly 
taken samples m a non-inhibitory medium and pS 
f Organisms otlier than iSY> 

S Ignored such as Str. dysfjulactur,^ 

Str. uhms, p.r. jnjogancs, staphylococci and mimi-cecci 
shtSd bt’used® non-inhibitory medium 

C alone is not a safe im-tbod 

for the detection of organism carrying mastitis. 

He gives m detail the technique to be. followed - iis 
r samples an> talu-u scptically 

and removed to the laboratory wliere they are plated on 
blood or bromcresol purple lactose chalk agaV ml ? 
resazurm rennet test performed. After immbation of 
the plates, colonies are trau-sfeu-red to yea.^t litmus udlk 
the cultures incubated and inspected and a eatabi-^c teat 
ZSf. "ll- TheadvantoKC, l,f U.„ n.cU.od liffa tfi 

*A minimum of time, labour and appiiratu.s is required. 
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